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[cure 1 The twilight song of the wood pc wee, “the sweetest, most soul- 
searching voice in nature/' A drawing from life by Edmund J, Sawyer 
(See Mr Sawyer's letter on page 20.) 




INTRODUCTORY NOTE 


BIRD SONG AND THE STATE MUSEUM 

A research institution generally has two major choices in select¬ 
ing lines for study. One is a general program for systematically 
covering the field of its activity. This is a continuing program with 
no end in sight. The other activity is of utilizing unusual ability that 
happens to be found or developed in its field that could not be 
anticipated. 

• Many years ago I was surprised to learn that a naturalist, who 
was doing one kind of work, was quite gifted in a different field. At 
the time this ability could not be especially encouraged, but later, 
under different conditions, it was possible to give this gift a chance 
for expansion. This was by a man who had the “ear” and the 
memory to distinguish and recall individual bird songs, so that he 
could recognize individual songs and individual birds in successive 
years as they returned to their old homes to breed. A field glass, 
pencil and notebook were supplemented by a tuning fork, and as a 
result of this unusual combination of skill, a State Museum Hand¬ 
book on Bird Song was written by Aretas A. Saunders. 

This was a real advance in the practical and scientific study of 
bird song, because an improved system of notation had been devised 
and utilized. Through a special congressional appropriation this 
handbook was rendered in Braille for the adult blind for the Con¬ 
gressional Library. Thus two important, unanticipated advances 
were made, in science and adult education, by taking advantage of 
a special ability. Later he amplified his studies in A Guide to Bird 
Songs (1935). Supplementing his own personal work he had favor¬ 
able conditions for field study for about 20 years while-working for 
the Roosevelt Wild Life Station and the State Museum, 

Another naturalist, who also, since a boy, had been interested in 
birds, but whose musical bent was toward the violin and the flute, 
became a professional student of animal behavior and studied the 
voice of birds as a means of social control. Finally, supplementing 
this with a professional knowledge of comparative psychology, Dr 
Wallace Craig devised a cooperative plan for 20 other interested 
persons to secure precise records of the song of a single species of 
bird, the wood pewee, whose unique twilight song is susceptible to 

[7] 
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precise methods of study and analysis from the standpoint of music 
and comparative psychology. 

Irrespective of the various schools of psychology the Saunders’ 
Bird Song was a stimulus for Albert R. Brand to make phonographic 
records of bird songs, as expressed in a letter to me by Mr Saunders 
as follows: “When I first met Mr Brand, on the occasion that he 
invited me to his home in White Plains to hear the first records that 
he had made, he told me that when he began his bird studies at the 
State College of Agriculture he read Bird Song, and that the state¬ 
ments on phonographic records [p. 176] first led him to the idea 
of devoting his time and money to mechanical recording of bird 
songs.” 

Just as Saunders’ studies were thus available to Brand, we are 
now in a position to see how, with Craig’s procedure these phono¬ 
graphic records may be utilized, interpreted and are a contribution 
to the synthesis of science and art. These three studies are thus the 
outstanding contributions which have been made to the study of 
bird songs in recent years in America. 


November 3, 1941. 


Charles C. Adams 

Director , N. Y . State Museum 
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PREFACE 


It is hoped that this paper will be read by scientists with varied 
interests, including field naturalists, psychologists and musicologists. 
But field naturalists usually begin when they are boys and girls. 
Accordingly, I have aimed to write the paper so that the boys and 
girls can understand it. 

There are many persons interested in birds, who can not read 
music. To all such persons I wish to speak a word of encouragement. 
I should like you to become familiar with the sound of the wood 
pewee's phrases. The best way is to hear the pewee singing and to 
have some friend tell you when he sings phrase 1, phrase 2 or phrase 
3. If you have no opportunity to hear the bird, ask some musical 
friend who is a good high-pitch whistler to read our description of 
the phrases and then whistle them. If your friend is competent he 
will be able to give you a good imitation of the three phrases even 
though he has never heard the pewee singing them. 

To prove that this can be done, I made a test of it. I showed the 
description of the phrases to Professor Carroll C. Pratt, asking 
him to read the description, with the figures, and then whistle the 
three phrases. He did so and gave an excellent imitation of the wood 
pewee’s song, although he had never heard it himself. 

I wish to express my thanks to the many persons who have helped 
me with this investigation. My greatest indebtedness is to the ob¬ 
servers mentioned in the list on page 12. These observers spent a 
great deal of time in the field, getting records of the wood pewee’s 
morning twilight song, which necessitated their rising long before 
daylight, sometimes before 3 a.m. More than an hour was consumed, 
in some instances, in the actual making of the record. There were 
a few cases in which the observer could hear the twilight song from 
the window of the house without going out; but there were other 
cases in which a long walk was required to reach the pewee’s singing 
tree in the woods, I thank the observers heartily for their enthusiasm 
and skill in procuring the records and for their generosity in sending 
them to me. Without their cooperation, this study could not have 
been made at all. The original records (or copies when necessary) 
have been deposited for permanent preservation in the New York 
State Museum. 

[9] 
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I am especially indebted to A. A. Saunders, who for ten summers 
has worked in the field as temporary ornithologist of the New York- 
State Museum. His studies of bird song and his many articles and 
two books on it (’29, '35) have made him the leading authority on 
this subject in America, if not in the whole world. He not only 
supplied me with 31 records; he also sent me many pages of notes 
on the wood pewee and its song; he allowed me to reproduce figures 
15, 19 and 20 from his drawings and he read the entire manuscript 
of this paper and gave me valuable suggestions on it. 

Dr W. T. Bovie, when assistant professor of physics in charge of 
the Biophysics Laboratories at Harvard University, helped me to 
launch the statistical and cooperative part of this study. 

Dr Jeffries Wyman jr, now associate professor of zoology at 
Harvard University, made effective criticisms of my first work on 
the wood pewee, which led to further development of the problem. 

Dr Carroll C. Pratt, now professor of psychology at Rutgers Uni¬ 
versity, kindly answered my questions on the psychology of music, 
and his book (’31) has been my inspiration in that field. 

Dr Charles C. Adams, Director of the New York State Museum, 
has been extremely kind to me throughout my scientific career, ever 
since I was a student; he encouraged me in the study of the wood 
pewee from the beginning and he has given me invaluable aid in 
preparing the manuscript for publication. 

For the three letters concerning the wood pewee in captivity, 
I am indebted to the following three experts in that field: Lee S. 
Crandall, curator, Department of Birds, New York Zoological Park; 
John A. Brock, 5840 Seminary court, Oakland,, Calif.; Eric C. 
Kinsey, 155 Bothin road, P. O. Box 76, Manor, Marin county, Calif. 

I wish to thank Houghton Mifflin Co. for permission to reprint 
John T. Trowbridge’s poem, “The Pewee”; and Dr Loye Miller, 
University of California at Los Angeles, for permission to reprint 
the article on the song of the western wood pewee. 
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THE SONG OF THE WOOD PEWEE 

A STUDY OF BIRD MUSIC 

By Wallace Craig Ph.D. 

Temporary Ornithologist , New York State Museum 

INTRODUCTION 

The present paper is a study of bird song as music. So little has 
been written on this topic, it is almost a virgin field. There have been 
elaborate studies of the extraneous facts about bird song, pertaining 
to the theory of sexual selection, the territory theory and so on, but 
we shall not mention those theories except incidentally ; we shall con¬ 
centrate on the study of the song as music. Scientists have avoided 
this topic because of the difficulty of securing accurate data, the songs 
of most birds being very difficult to describe accurately. 

The wood pewee offers an exceptional opportunity for study be¬ 
cause he sings a long-continued song, known as his twilight song, 
which is beautiful and musically interesting, yet it can be described 
definitely and analyzed mathematically. The twilight song is a con¬ 
tinuous musical composition, but it is composed of only three different 
phrases repeated hundreds of times in varying order. The three 
phrases (figure 2) are easily identified; hence it is possible for many 
observers to make complete records of the twilight song and to com¬ 
pare their records with each other. To make a record, the observer 
, simply listens while the wood pewee is singing and writes down the 
number of each phrase, 1, 2 or 3, as the bird sings it. The records 
for our study have been made by 22 observers; we have 144 records 
of the morning twilight song, and, although many of the records are 
incomplete, they contain an aggregate of more than 93,000 phrases; 
we have also 17 records of the evening twilight song and some of the 
daytime song, so that all the records together contain about 100,000 
phrases. These have been studied statistically to determine the order 
of succession of the phrases. The statistics show that the song has 
an elaborate structure and this structure has an interesting musical 
character. The wood pewee is the only wild bird, anywhere in the 
world, whose song has been observed cooperatively and analyzed 
statistically to determine the order of succession of the phrases and 
hence the musical structure of the song. 

Since the music of bird song has never before been systematically 
treated, we have found it necessary to supply at the end of our 

[ 11 ] 
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paper a brief elementary essay on the whole subject of bird music; 
we have entitled the essay “Bird songs as esthetic art” because esthetic 
art is a broader term than music and the broader term is needed. 

Our study leads to the conclusion that the wood pewee is a typical 
songbird. For this reason I will append here a note regarding the 
use of certain terms in ornithology. The term “songbird” is often 
used as a taxonomic term to designate one suborder, the Passeres, 
formerly named Oscines. I can hardly hope to change that usage, 
but let us reflect that when we call the Pygopodes “the diving birds” 
and the Passeriformes “the perching birds,” these names do not blind 
us to the facts that many other birds can dive and many others can 
perch on trees. Similarly, when we speak of the Oscines as “the 
songbirds,” that is nothing more than a convenient name; there are 
many other birds which can sing. A list of American birds in which 
the song habit is well-developed would of course exclude some of the 
Oscines; but it would include the wood pewee and many other species 
of the Tyrannidae, and also whippoorwills, owls, cuckoos and pigeons. 
The crowing of the domestic cock and of some other species of the 
pheasant family is undoubtedly singing, although the song is not of 
a high order. In my own work, to avoid confusion, I shall never 
use the word “songbird” as a taxonomic term; I shall use it as a 
behavioral term, signifying birds which do sing. I shall use it like 
other behavioral terms such as “ground-nester” or “tree-nester,” 
which cut across taxonomic groups. 

As mentioned before, our records of the wood pewee’s song were 
made by 22 observers. The names and addresses of these observers 
follow: 

Allard, H. A., 425 West Wing, U. S. Department of Agriculture, 
Washington, D. C. 

Craig, Wallace, 181 Eagle street, Albany, N. Y. 

Douglas, Gertrude E., New York State College for Teachers, 
Albany, N. Y. 

DuBois, Alexander D., Christmas Lake road, Route 2, Excelsior, 
Minn. 

DuBois, Charlotte A., 327 S. Glenwood avenue, Springfield, Ill, 

Griffiths, Janet, 906 Elmwood avenue, Wilmette, Ill. 

Lean, Delbert G., The College of Wooster, Wooster, Ohio, and 
The Lean-To, Round Lake, Waupaca, Wis. 

Lean, Vera F. (Mrs Delbert G.), Wooster, Ohio, and Waupaca, Wis. 


From the digital collections of the New York State Library. 



SONG OF THE WOOD PEWEE 13 

MacLoghlin, Anna E. (Mrs F. E.), 43 Inglewood drive, Hamilton, 
Ontario, Canada 

Miller, Abraham Beck, Nottingham Manor, Newark, Del. 

Musselman, T. E., Gem City Business College, Quincy, Ill. 

Nice, Margaret Morse (Mrs L. B.), 5708 Kenwood avenue, Chicago, 
Ill. 

Perkins, The late Edward H., Colby College, Waterville, Maine 

Rickett, H. W., The New York Botanical Garden, Bronx Park, 
New York, N. Y. 

Saunders, Aretas A., 361 Crestwood road, Fairfield, Conn. 

Smith, Wendell P., Wells River, Vt. 

Snyder, Laurence H., Department of Zoology and Entomology, 
Ohio State University, Columbus, Ohio 

Swanson, Gustav, University of Minnesota, Division of Entomology 
and Economic Zoology, University Farm, St Paul, Minn. 

Test, Frederick H., Department of Zoology, University of Michigan, 
Ann Arbor, Mich. 

Test, Inez Greene (Mrs Louis A.), Route 1, Box 213, Lindsay, Calif. 
Woerner, H. Ray, R. D. 3, Roseville road, Lancaster, Pa. 

Yanney, B. F., The College of Wooster, Wooster, Ohio 

The following table 1 shows the number of records of the morn¬ 
ing song and of the evening song obtained from the various indi¬ 
vidual wood pewees, with the locality, latitude, longitude and time 
correction. Individual wood pewees are numbered separately for 
each observer; for example, Yanney's First, Yanney's Second and 
so on. In tables we shall need to use the observer's symbol instead 
of .his complete name; for example, Y3 will mean Yanney’s Third. 
A particular morning song will be indicated by the same reference 
mark plus a date; for example, Y2:14Jy26. (Mr Miller's name does 
not appear in the table, because he made his records in cooperation 
with Mr Woerner. Mrs MacLoghlin's name does not appear, because 
she made no records of the twilight song; but she sent records of the 
daytime singing, and also some very interesting observations which 
we shall quote later.) 
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Table 1 

Complete List of Records, Arranged by Observers Alphabetically 


OBSERVER 

INDIVID¬ 

UAL 

WOOD 

PEWEES 

RECORDS 

LOCALITY 

LATITUDE 

LONGITUDE 

TIME 

CORRECTION 

Name 

Sym¬ 

bol 

c 

o 

2 

> 

ft 

Allard. 

A 

1st. 

8 


Lyon Park, Va..... 

38.9 

77 

- 8 

Craig. 

c 

1st. 


1 

Orono, Maine. 

44.9 

68% 

+25 



2d-6th. . . 

10 




Douglas- . , 

D 

1st....... 

2 


Port Henry, N. Y. 

44 

73 % 

+ 6 

On Rnis. . 

Du 

1st. 

1 


Excelsior, Minn.. 

45 

9 3% 

— 14 

Griffiths. - ■ • 

G 

1st. 

2 


Highland Park, Ill. 

42 2 

87% 

+ 9 

Lean, D, G.. 

DL 

lst-4th... 

4 


Waupaca, Wis. 

44.4 

89 

+ 4 

Lean, Mrs. , 

VL 

1st, 2d. . . 

6 


Waupaca, Wis. 




Musselman. 

Mn 

1st. 

2 


Quincy, Ill.. 

40 

91% 

- 6 

3d. 

1 


Asheville, N. C. 

35.6 

82% 

-30 



2d,4th,5th 

4 


Tuxedo, N. C..... 

35.2 

82% 

-30 

Nice 

N 

1st, 2d. .. 

2 


Norman, Okla.... 

35.2 

97 % 

+30 



3d. 

1 


Amherst, Mass.. 

42.4 

72% 

+ 10 



4th. 

1* 


McLean County, Ill. 

40.5 

89 

+ 4 



5th...... 

1* 


Eaglet own, Mt Fork 









River, Ok’.a.'. 

34 

94:% 

-18 

Perkins. 

P 

1st.. 

1 


Unity, Maine. 

44.5i 

69% 

+22 

Rickett. 

R 

1st, 2d. . J 

9 


j 

Madison, Wis... 

43 

89% 

+ 2 



3d, 4th... 

4 


Rocheport, Mo. 

39 

92% 

-10 



5th. __ 

5 | 


Columbia, Mo. 

39 

92% 

-10 



6th. 

4 


Columbia, Mo. 



Saunders, . . 

Sa 

lst-4th.. . 

12 

2 

Fairfield, Conn.. .. 

41.1 

73% 

+ 7 



5th. 

1 

1 

Lake Clear, N. Y. 

44.4 

74% 

+ 3 



6th-8th .. 

3 


Fairfield, Conn. 

41.1 

73% 

+ 7 



9th. 

4 


Fairfield, Conn. 






10th, 11th 

2 


Fairfield, Conn. 






12th. .... 

2* 


Fairfield, Conn. 






13 th. 

3* 


Fairfield, Conn. 






14th. 

1* 


Fairfield, Conn... 




Smith. 

Sm 

lst-4th.,, 

6 

3 

Wells River, Vt. 

44.2 

72 

+12 



5 th, 6th.. 

3* 


Wells River, Vt. 




* Timed records* 
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Table 1 ( concluded ) 

Complete List of Records, Arranged by Observers Alphabetically 


OBSERVER 

INDIVID¬ 

UAL 

WOOD 

PEWEES 

RECORDS 

LOCALITY 

LATITUDE 

LONGITUDE 

TIME 

CORRECTION 

Name 

Sym¬ 

bol' 

a 

u 

0 

s 

i 

w 

Snyder. 

Sn 

1st, 2d. . . 

4 


Raleigh, N. C. 

35.8 

1SV2 

-14 

Swanson.... 

Sw 

1st, 2d. .. 

4 


Minneapolis, Minn. 

45 

93 H 

-13 

Test, F. H. . 

FT 

1st, 2d... 

6 

1 

Turkey Run State Park, 









Marshall, Ind. 

39.9 

87M 

+n 

Test, Mrs... 

IT 

1st. 

2 


Winona Lake, Ind. 

41.2 

85 M 

+ 17 

Woerner.... 

W 

lst-3d — 

4 


Hessdale, Pa. 

40 


- 5 

Yanney.... 

Y 

1st.. 

7 

5 

Wooster, Ohio. .. 

40.8 

82 

-28 



2d. 

7 


Wooster, Ohio. 






3d. 


2 

Wooster, Ohio. 






4th. 

3 

2 

Wooster, Ohio. 






5th. 

2 


Wooster, Ohio. 













Totals.. 


68 

144 

17 






* Timed records. 


It is important to notice that the latitude is not given in degrees 
and minutes; it is given in degrees and tenths of a degree, because 
in our statistical work it is necessary to use decimals. The longitude 
is given in degrees and quarters of a degree, because each quarter 
of a degree makes a difference of one minute in time. All clock 
times mentioned in our paper, whether in the records, the figures or 
the text, are local time. In copying the observers’ records I have 
changed standard time to local time, using the “time corrections” 
listed in the table. For example, in copying Mr Allard’s records I 
subtracted 8 minutes from each clock-time; for example, 4.03 a.rn. 
(Eastern Standard Time) was changed to 3.55 a.m. (local time). 
Even in the few cases in which I have quoted data from another 
author (H. W. Wright), I have changed standard time to local time. 
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HISTORICAL SURVEY OF THE LITERATURE 
ON THE SONG OF THE WOOD PEWEE 

Almost every writer on the birds of eastern North America has 
mentioned the song of the wood pewee. We shall mention only those 
writers whose work has been of value to us in our study of the song 
as music. More than a hundred years ago Nuttall ( J 32) gave a 
recognizable, old-fashioned description of the twilight song, though 
he did not use that name for it. The earliest musical notation of the 
pewee’s song was given by Cheney (’91) ; he apparently did not know 
the twilight song, as he mentions only phrases 1 and 2, the two 
phrases which the bird sings in the daytime. Mathews ( J 04) gave an 
excellent musical description of these same phrases. Oldys (’04) 
gave the first adequate description of phrase 3, which is sung only 
in the twilight song at dawn and (less commonly) at sunset. It was 
Oldys who originated the term “twilight song.” 

Saunders knows the song of the wood pewee better than any other 
man; he has studied this song for many years and has published 
accounts of it in his Bird Song (’29) and his Guide to Bird Songs 
(’35). He has helped me a great deal in my study, as was mentioned 
in the preface. 

The present writer published a preliminary account of the song 
of the wood pewee (Craig, J 26) chiefly for the purpose of asking 
bird observers to make records of the twilight song and send them 
to the writer. A request for records was published also in Science 
(May 21, 1926). In response to the two requests, in The Auk and 
in Science, about 80 persons volunteered to make such records and 20 
succeeded in doing so. Seven years later there was published a 
short report (Craig, *33) based on 125 records of the twilight song, 
made by 19 observers. Both these articles are superseded by the 
present paper. 

Allard ( s 34) published a statistical study of the morning twilight 
song, based upon complete records of eight morning songs by one 
individual wood pewee. Mr Allard very kindly sent me his eight 
original records and allowed me to make use of them in the present 
study. 

Brand, with his book on Songs of Wild Birds (’34), supplied two 
phonograph disks reproducing songs or calls of 35 species of birds, 
including the wood pewee. Phonograph records of the songs of 
captive birds, for example, a caged nightingale, had been published 
before, but Brand was the first to master the enormous technical 
difficulties of recording in the woods and fields and thus- to produce 
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phonograph records of the voices of wild birds. The mechanical 
recording of birds' voices is in its infancy, with a great future 
before it. 

At appropriate places in the text we shall mention certain other 
writers on the song of the wood pewee, including Francis H. Allen 
and T. S. Roberts. 

John Townsend Trowbridge wrote a poem, “The Pewee,” which 
reveals an intimate acquaintance with die bird’s song and habits and 
the beauty of the woods in which it lives. This poem was published 
in 1869 in a small volume entitled The Vagabonds and Other Poems, 
and again in Trowbridge’s Poetical Works (*03). We are here 
reprinting the entire poem, because we are sure the reader will enjoy 
it. This poem makes no mention of the twilight song; it refers solely 
to the pewee’s daytime singing. The twilight song, in its main portion, 
is quick and rhythmic; the daytime singing is always slow and 
leisurely; but each has its own exquisite beauty. Trowbridge’s poem 
celebrates the beauty of the daytime singing. 

THE PEWEE 

By John Townsend Trowbridge 

The listening Dryads hushed the woods; 

The boughs were thick, and thin and few 
The golden ribbons fluttering through; 

Their sun-embroidered, leafy hoods 
The lindens lifted to the blue. 

Only a little forest brook 

The farthest hem of silence shook. 

When in the hollow shades I heard,— 

Was it a spirit, or a bird? 

Or, strayed from Eden, desolate, 

Some Peri calling to her mate, 

Whom nevermore her mate would cheer? 

“Pe-ri! pe-ri! peer!” 

Through rocky clefts the brooklet fell 
With plashy pour that scarce was sound, 

But only quiet less profound, 

, A stillness fresh and audible. 

A yellow leaflet to the ground 
Whirled noiselessly; with wing of gloss 
A hovering sunbeam brushed the moss, 

And, wavering brightly over it, 

Sat like a butterfly alit: 

The owlet in his open door . 

Stared roundly; while the breezes bore 
The plaint to far-off places drear,— 

“Pe-ree! pe-ree! peer!” 
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To trace it in its green retreat 

I sought among the boughs in vain; 

And followed still the wandering strain, 
So melancholy and so sweet 

The dim-eyed violets yearned with pain. 
’Twas now a sorrow in the air, 

Some nymph’s immortalized despair 
Haunting the woods and waterfalls; 

And now, at long, sad intervals, 

Sitting unseen in dusky shade, 

His plaintive pipe some fairy played, 

With long-drawn cadence thin and clear, 
“Pe-wee! pe-wee! peer !” 

Long-drawn and clear its closes were,— 

As if the hand of Music through 
The sombre robe of Silence drew 
A thread of golden gossamer: 

So pure a flute the fairy blew. 

Like beggared princes of the wood, 

In silver rags the birches stood; 

The hemlocks, lordly counsellors, 

Were dumb; the sturdy servitors, 

In beechen jackets patched and gray, 

Seemed waiting spellbound all the day 
That low, entrancing note to hear,— 
"Pe-wee! pe-wee! peer 1” 

I quit the search, and sat me down 
Beside the brook, irresolute, 

And watched a little bird in suit 
Of sober olive, soft and brown, 

Perched in the maple-branches, mute. 
With greenish gold its vest was fringed, 

Its tiny cap was ebon-tinged, 

With ivory pale its wings were barred, 

And its dark eyes were tender-starred. 

"Dear bird,” I said, "what is thy name?” 
And thrice the mournful answer came, 

So faint and far, and yet so near,— 
“Pe-wee! pe-wee! peer !” 

For so I found my forest bird,— 

The pewee of the loneliest woods, 

Sole singer in these solitudes, 

Which never robin’s whistle stirred, 

Where never bluebird’s plume intrudes. 
Quick darting through the dewy morn, 

The redstart trilled his twittering horn, 
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And vanished in thick boughs; at even, 

Like liquid pearls fresh showered from heaven, 
The high notes of the lone wood-thrush 
Fall on the forest's holy hush; 

But thou all clay complainest here,— 
“Pe-wee! pe-wee! peer!” 


Blast thou, too, in thy little breast, 

Strange longings for a happier lot— 

For love, for life, thou know’st not what— 
A yearning and a vague unrest, 

For something still which thou hast not? 
Thou soul of some benighted child 
That perished, crying in the wild! 

Or lost, forlorn and wandering maid, 

By love allured, by love betrayed, 

Whose spirit with her latest sigh 
Arose, a little winged cry, 

Above her chill and mossy bier! 

“Dear me ! dear me! dear!” 


Ah, no such piercing sorrow mars 
The pewee's life of cheerful ease! 

■ He sings, or leaves his song to seize 
An insect sporting in the bars 

Of mild bright light that gild the trees. 

A very poet he! For him 
All pleasant places still and dim: 

His heart, a spark of heavenly fire, 

Burns with undying, sweet desire: 

And so he sings ; and so his song, 

Though heard not by the hurrying throng, 
Is solace to the pensive ear: 

“Pewee! pewee! peer!” 


I am very grateful to the poet Trowbridge for this poem. I am 
equally grateful to Edmund J. Sawyer, the bird artist, for the pic¬ 
ture which is reproduced as the frontispiece of this Bulletin (figure 
1). Let me tell you the history of that picture. Dr C. C. Adams, 
Director of the State Museum, wrote to Mr Sawyer, asking him if 
he could make a drawing of the wood pewee singing, but adding 
cautiously, “It may not be practicable, and if so, a picture of the bird 
in a representative haunt would answer.” Imagine the delight of 
Doctor Adams and myself when Mr Sawyer sent the picture imme¬ 
diately, accompanied by the following letter. 
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Dear Dr Adams, 

The pewee’s twilight song has always been to me the sweetest, 
most soul-searching voice in nature. I have spent many an hour 
of enraptured listening to it; have made many a sketch in 
attempts with pencil, wash and what-nots, to give some idea—the 
best I possibly could, of course—to bring its witchery plaintive¬ 
ness and spell-binding appeal to the visual sheet. The best 
picture I have ever worked out in such attempts, I made only 
a couple of years or so ago. I have since included it in the 
small exhibitions to university and other select groups, . , . 

April 8, 1941 Edmund Sawyer 

That is the drawing reproduced as the frontispiece of this Bulletin. 
To readers who have heard the pewee’s morning twilight song, the 
picture will make a strong appeal. For the benefit of other readers 
I have written the following explanation. 

It is a great experience to hear the wood pewee, in a natural 
wildwood, singing his morning twilight song. Three factors con¬ 
tribute to the impressiveness of this experience. First, there is the 
musical excellence of the song and the sight of the bird himself 
(if you are lucky enough to see him) sitting peacefully alone, giving 
his attention to his music. Second, there is the beauty of the forest, 
with all the living things in it. Third, there is the charm of the 
early morning in summer. In order to hear the very beginning of 
the twilight song, you must arrive in the woods in the darkness of 
night. Listen, and you hear the pewee sing just one sleepy, musical 
call. All is silent again for several minutes. The time is more than 
an hour before sunrise. While you are waiting, you observe the 
changes in the sky: the slow, very slow progress of the dawn and 
the beginning of a new day. As the light increases, the objects in 
the landscape gradually become visible. The myriad creatures of 
the forest are attuned to these changes in the light. The wood pewee 
is attuned to them, and as darkness gives way to dawn his song 
develops to its full richness and rhythm. Many pages of our paper 
will be required for the description of this song and its progressive 
changes, but Mr Sawyer has caught the very spirit of it and expressed 
it in his picture. 

THE MORNING TWILIGHT SONG 

THE PHRASES OF THIS SONG 

Three different phrases. The morning twilight song of the 
wood pewee consists regularly of the three phrases represented in 
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figure 2, The syllables pee-ah-wee, pee-oh, ah-di-dee are copied 
from Saunders. The phrases are all alike in tone, each being a clear, 
sweet whistle. 

J*90 Phrase I Phrase 2 Phrase 3 



Figure 2 The three phrases of the morning twilight song 


Phrase 1 and phrase 2 resemble each other more than they re¬ 
semble phrase 3. In rendering phrase 3 the bird sings three distinct 
notes, bringing out the rhythm clearly; hence phrase 3 may be called 
the rhythmic phrase. But in singing phrase 1 or phrase 2 he glides 
from one pitch to the next with such perfect continuity that there 
are no distinct notes at all; the entire phrase is just one smooth 
glide. Hence these are called the gliding phrases. This contrast is 
important: it is connected with some of the main points of our paper. 
In the following pages we shall often have occasion to speak of “the 
gliding phrases/' meaning phrases 1 and 2, and “the rhythmic 
phrase/' meaning phrase 3. 

Furthermore, phrase 1 and phrase 2 have each a more elaborate 
form, in which the gliding character is still further developed by an 
upward glide (a grace-note) at the beginning of each phrase, as 
shown in figure 3. Mathews (’04) states that “this more complete 
form of the pewee's song belongs to the nuptial seasonbut that 
is a matter which needs further investigation. Phrase 3 never has 
a grace-note. 

J=81 Phrase I Phrase 2 



pee-ah-wee pee-oh 

Figure 3 Phrase 1 and phrase 2, with grace- 
notes 


The glide or portamento of phrases 1 and 2 is suggested in the 
musical notations by the slurs over these two phrases, but it can be 
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Phrase I Phrase 2 Phrase 3 


t \ - 



V7 - 

—- 


-W- X-1 - -- 




p e e-a h - yye e 

__ 

pee - oh 

ah - dv-dee 


Figure 4 Graphic representation of the three phrases 


represented more adequately by the graphic method, as seen in the 
first two phrases in figure 4. In this figure, phrases 1 and 2 have 
the grace-notes, the same as in figure 3. In the graph, the horizontal 
dimension represents duration. The light vertical lines divide the 
graph into measures of equal duration, each measure being 1 /27th 
minute; thus the tempo is the same as in figure 3. The heavy lines 
represent the sound of the bird’s voice, and they are made heavier 
or lighter to represent variations of intensity. 

Mr Brand has reproduced the wood pewee’s voice on phono¬ 
graph disk No. 1A, supplied with his book ('34). Most of the bird 
songs on his records are reproduced beautifully. Unfortunately, the 
reproduction of the wood pewee’s voice is not one of the best. The 
beauty of the song is lost, Mr Brand wrote to me: “The film of the 
wood pewee which was transcribed on the record, while not perfect, 
is really very satisfactory.” But for some reason connected with 
the great technical difficulties, the phonograph disk did not come 
out as well as the film. Mr Brand tried to improve the record, and 
he very kindly sent me three different stampings of it. It is very 
useful for studying certain details of the song. It gives phrases 1 
and 2, but not phrase 3. The first record published with the book 
in 1934 gives seven phrases in the following order: 1—2—1—1— 
2—1—2. In each of these seven phrases the grace-note is prominent, 
as represented in our figures 2 and 3. Some later copies of Brand’s 
book are accompanied by a different record, with the phrases in a 
different order. Mr Saunders tells me that on one of the Brand 
records the phrase 1 is not typical but rather exceptional, the last 
note being flat. 

Brand (’38) made a microscopic examination of the film of the 
singing of one individual wood pewee. Fie found the lowest note 
to be 3650 vibrations per second and the highest 4375. These'notes 
are respectively A and C, each about a quarter-tone sharp. They are 
the four-accented a and the five-accented c: a"" and c'"", written 
also a' 1 and c R ; in the notation which Brand uses they are A c and C T . 
The c is the highest note on the piano. Now, the lowest note 
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being 3650 and the highest 4375, the ratio of these two notes is 5 ;6. 
Therefore the interval is exactly a minor third, or the interval from 
mi to sol. These are all the physical measurements we have, to date, 
of the wood pewee’s voice. We were hoping that Mr Brand would 
make many more measurements, when we received with regret the 
news of his illness and death. 

In the above description of the three phrases we have mentioned 
only their normal form. We shall point out later that there are 
variations of these phrases; hut the variations are in many cases 
abnormal or subnormal. We shall point out also that the wood 
pewee utters, at certain times, several other sounds. In his evening 
twilight song he sings a fourth phrase which he does not sing in 
his morning twilight song. But all these are minor matters, so far 
as our main problems are concerned. 

Mode of occurrence of the three phrases. The wood pewee 
has two styles of singing which we shall name his “leisurely style” 
and his “rhythmic style” (table 2), In his leisurely, style he sings 
only phrases 1 and 2, that is, the gliding phrases, and he always 
leaves a long rest, commonly 5 to 10 seconds, between each phrase 
and the next (We shall always use the word “rest” for the period 
of silence between one phrase and the next. Some writers call it 
a “pause,” but in music that word has properly a very different 
meaning, for which see Grove’s Dictionary, ’27.) In this leisurely 
singing, phrase 1 is really a complete song in itself and the same 
is true of phrase 2. They might very well be called “song No. 1” 
and “song No. 2.” But in order not to confuse the reader, we shall 
not use these terms; we shall speak always of “phrase 1” and 
“phrase 2.” 

The pewee’s rhythmic style is extremely different. There are no 
long rests between phrases. Indeed, the phrases follow one another 
with metronomic regularity. And, so far as I have been able to 
judge the matter by ear, they are sung in meter, with only a 
quarter-rest after each phrase, as shown in figures 2, 3 and 4. All 
three phrases are used: at the height of the- rhythmic song, com¬ 
monly 50 per cent of the phrases are 3’s, 25 per cent are l’s and 
25 per cent are 2’s (though this varies with the individual singer). 
The l’s, 2’s and 3’s follow one another in regular order. Thus the 
rhythmic song is a continuous musical composition. This continuous 
song lasts for a long time, often 20 minutes or more, and then co nes 
to an end. 
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Table 2 


Contrasts between the wood pewee’s rhythmic song and his 
leisurely singing 


RHYTHMIC SONG 

DAYTIME SINGING 

Quick rate (about 27 phrases per 
minute). 

Phrase follows phrase in regular 
rhythm. 

Slow rate (about 5 or 6 phrases' per 
minute). 

Recurrence of phrases is not rhythmic. 

Phrases compose a long musical com¬ 
position. 

Each phrase is used as a song in 
itself. 

Phrase 3 is present 

Phrase 3 is absent. 

Ratio of number of l’s to number of 
2’s is constant, tends to be either 1:1 
or 2:1, averages 1.7 to 1, 

Ratio of number of l’s to number of 
2's is always varying, averages 3.4 
to 1. 

I’s, 2’s and 3’s recur regularly, form¬ 
ing sentences and strings of sentences. 

Succession of Ys and 2’s is irregular. 


The rhythmic song occurs only once in the day, in the early morn¬ 
ing—or sometimes twice, that is, morning and evening. It constitutes 
the rhythmic portion of the twilight song. Throughout the “daytime,” 
from sunrise till near sunset, the pewee sings only in his leisurely 
style. Phrase 3, the rhythmic phrase, occurs only in the rhythmic 
song; it is very rarely heard in the daytime. (Mr Saunders and one 
or two other observers have occasionally heard phrase 3 in the day¬ 
time, but this is very rare and I have never heard it myself. One or 
two observers thought that they heard phrase 3, when what they 
really heard was phrase 4, which we shall describe later.) 

All these matters will be explained later in careful detail. We have 
mentioned them now in order to point out the highly significant fact 
that the three different phrases are musically adapted to their mode 
of occurrence. The musical form of each phrase has evolved in 
adaptation to the way in which that phrase is used. The gliding 
phrases are specially suitable for singing in the leisurely style. The 
rhythmic phrase is musically suitable for singing in the rhythmic 
song. The gliding phrases are leisurely, flowing, graceful. Cheney 
( J 91, p. 64), in his description of them, says: “The portamento is 
used in this song with wonderful skill and power.” Phrase 3 is 
equally beautiful, but with a different style of beauty, with emphasis 
on rhythm. The fact that the wood pewee has evolved a special 


From the digital collections of the New York State Library. 



SONG OF THE WOOD PEWEE 


25 


rhythmic phrase for use in his rhythmic song, and gliding phrases 
for use in his leisurely singing, is very significant; it is one of the 
many facts which go to prove that the pewee is a true musician. 

The contrast between the pewee’s rhythmic style and his leisurely 
style corresponds to a contrast between two fundamental styles in 
human music, as emphasized especially in Parry’s Evolution of the 
Art of Music (’06). The one style is the “rhythmic”; the other is 
not so easily named; I think it might be named the “lyric.” (Parry 
speaks of it as “the melodic element,” and that term has been 
severely criticized; but this should not be allowed to obscure the 
fact that Parry’s account is fundamentally sound and important.) 

All three phrases are very expressive, in a musical sense (see the 
article “Expression” in Riemann’s Dictionary of Music, ’08). But 
the rhythmic phrase has one style of expression, and the gliding 
phrases a very different style. The character of the gliding phrases 
has caused many writers to speak of the pewee’s song as “sad” or 
“mournful.” Well, these words do point to something which truly 
exists in the gliding phrases, but of course the bird is not sad, and 
ornithologists should avoid such incorrect, emotional terms. There 
are plenty of correct terms which you can use, such as slurred, 
portamento, gliding, flowing, graceful, slow, leisurely. You can say 
with Mathews (’04) that there is “an ineffable grace” to the little 
melody. 

Although the poet Trowbridge describes the pewee’s song as sad, 
in the last stanza of the poem he relates his observation of the real 
wood pewee, who is not sad at all but “a very poet.” Trowbridge 
thus anticipates one of the main conclusions of our study, namely, 
that the pewee’s song is not a mere outflow of emotion, it is true 
music. 

Difference in degree of finality. Now we are going to point 
out another difference between the three phrases, namely, the dif¬ 
ference in degree of finality, and we are going to show that in this 
matter also the three different phrases are musically adapted to their 
mode of occurrence. The musical reader has of course perceived 
already that the phrases differ in degree of finality. All who have 
heard the wood pewee agree that phrase 2 has the most finality and 
phrase 3 has the least, phrase 1 being intermediate in this respect. 
These differences can be made , clear even to the nonmusical reader, 
and to him we make the following suggestion. Ask one of your 
musical friends to sing the little song represented in figure 5. The 
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Are I hoy ejone? I doril know. Are I hoy cpnoP 



PiGUKK 5 The three phrases (arranged in the order 3132) 
with catchwords to illustrate their differences in degree 
of finality. 


melody of this song* consists of the wood pewee’s three phrases as 
indicated. You will find that the melody fits the words so exactly 
that the effect can be quite comical. The song can make it clear 
even to a completely nonmusical person that phrase 3 has a rising 
inflection like that of a spoken question-; phrase 1 has the inflection 
of an answer, but not a very positive answer; phrase 2 has the sound 
of an answer which is decisive and final. Phrase 3, the question, is 
“forward-looking”; it puts the listener into an expectant mood, 
waiting for one of the other phrases to answer it. Phrase 2, the 
conclusive answer, is “final.” This comparison to human speech is 
not mere fancy; there is a true analogy between the melodies of 
the wood pewee’s phrases and the melodies of question and answer 
in speech (see Meyer, ’03). 

Personally, I do not like catchwords for any bird songs. The 
catchwords in figure 5 are given because they may prove helpful to 
the nonmusical reader. I advise the musical reader to beware of 
catchwords and even of the syllables, pee-ah-wee, pee-oh, ah-di-dee; 
they tend to prevent you from hearing the real sound of the bird's 
voice. All musical persons doubtless feel the same way about it. 
Cheney ( J 91, p. 143) says of the wood pewee: “Wilson tries to tell 
what he says ; but heavens! what he sings is the thing to attend to.” 

In human music, as has been proved by psychological experiment, 
there are several factors influencing the degree of finality of any bit 
of melody or any sequence of tones. Of these several factors, we 
find just two represented in the music of the wood pewee. 

The first factor concerns rise or fall in pitch. At the end of a 
song, in human music, there is usually a fall in pitch, descending 
to the last note. This is so characteristic, in fact, that the closing 
notes of the song are named the “cadence,” from the Latin cado, 
fall. There is a psychological reason for this (Meyer, '03, p. 456). 
When a man or animal becomes excited, the pitch of his voice rises; 
as excitement subsides, the pitch falls. We shall point out later that 
this is true of birds. The same correlation is found in the man or bird 
who hears the voice of another: high pitch arouses excitement and 
attention; subsidence in pitch brings relaxation. 
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In the song of the wood pewee, phrase 2 has a purely falling inflec¬ 
tion (except for the initial grace-note, when present) and it goes 
down to a pitch much lower than the lowest note of the other phrases; 
consequently phrase 2 has the most finality, or in other words it is 
the most cadential. Phrase 3 is exactly the opposite: its inflection is 
purely rising, and it leaves the listener in suspense, with an expecta¬ 
tion of something more to come, something needed to complete the 
musical meaning. Thus phrase 3 has the least finality, or in other 
words it is the most forward-looking. In phrase 1, the pitch is partly 
falling and partly rising; therefore, in this respect, phrase 1 is inter¬ 
mediate between the other two phrases. 

The second factor in the degree of finality is what Bingham (’10, 
p. 33) discovered in his experiments as “The lazv of the return , the 
law that , other things being equal, it is better to return to any starting 
point zvhalsoever than not to return —a simple, fundamental principle 
of musical form, of art form of any'kind, indeed.” Applying this 
principle to the music of the wood pewee, you can see that phrase 1 
is the only phrase which returns at all to its starting point. There is 
considerable variation in the melody of phrase 1, but, since it always 
falls in pitch and then rises, it always makes somewhat of a return, 
and in many cases it returns exactly to the pitch on which it started, 
as illustrated in figures 3 and 4. This gives to phrase 1 a kind of 
finality of its own, different from that of phrase 2, and less decisive 
than that of phrase 2. 

Some writers have claimed that phase 2 ends on the keynote and 
that this is an important factor in its finality. This claim is based 
on the assumption that the wood pewee’s music conforms to our dia¬ 
tonic scale. Writers on bird music in general have attached too much 
importance to the question of conformity to our scale. The two 
factors of finality which we have mentioned, the fall in pitch and the 
return to the starting point, are far more fundamental than those 
factors of finality which depend upon the diatonic scale. My personal 
opinion is that the wood pewee knows nothing about our diatonic scale 
and that his music can be interpreted without any scale. This fact- 
does not in the least vitiate our main conclusion, that the pewee’s 
song is true music*—as we shall show when we come to the topic of 
bird songs as esthetic art. 

It will be convenient sometimes to speak of phrase 2 as ending with 
a "whole cadence” and phrase 1 with a "half cadence,” although these 
terms, when used with reference to human music, demand much more 
than can be furnished by the simple little phrases of the wood pewee. 
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The differences between the phrases in degree of finality are 
clearly related to their differences in mode of occurrence, Phrase 3, 
the forward-looking phrase, is the one which the pewee uses only in 
his rhythmic twilight song, in which every phrase 3 is followed imme¬ 
diately by another phrase which serves to supplement or complete its. 
musical meaning. On the other hand, phrases 1 and 2, which are 
characterized by finality or completeness, are the ones which the 
pewee uses in the daytime, when he sings in his leisurely style, ren¬ 
dering each phrase separately, as if it were a complete song in itself. 

The pewee himself probably has some appreciation of the differ¬ 
ences between the phrases in degree of finality. This is indicated by 
the mode of occurrence of the phrases and by their evolutionary his¬ 
tory, as we shall now point out briefly. (Later, we shall give an ac¬ 
count of the probable evolutionary history and the evidence for it.) 
Phrase 3 is so ancient that it is found not only in our species of 
pewee but also in at least one other species, the western wood pewee 
(M. richardsoni ), and in that species also it is sung only in the rhyth¬ 
mic song, not in the leisurely daytime singing. Phrase 1 is not so 
ancient; originally there was only one phrase in the daytime singing 
and it resembled phrase 2 except that it was harsh and comparatively 
unmusical. It was a call given with a very positive emphasis, serving 
to warn intruding males away from the singer’s territory. Wundt 
(’04, p. 251) suggested that in some cases the songs of birds de¬ 
veloped from the battle cries of the fighting males and it seems likely 
that this may have been true of some of the territory songs of the 
Tyrannidae, including the wood pewee’s phrase 2 (but not phrase 3, 
for the rhythmic song is not a territory song, or, anyhow, it is not 
a fighting song). You see how well this fits in with our description 
of the positive character of phrase 2 and the very opposite question¬ 
like character of phrase 3. We are led to conclude that the wood 
pewee and his ancestors have had some appreciation of the difference 
between these two phrases, the one being positively assertive and the 
other comparatively nonassertive. 


NARRATIVE ACCOUNT OF THE MORNING TWILIGHT SONG 

The wood pewee’s early morning performance may be conveniently 
described under three headings: the prelude, the rhythmic song and 
the postlude. 

The prelude. Most of our records do not show the beginning 
of the prelude. Few observers have ever heard the pewee’s first 


From the digital collections of the New York State Library. 



SONG OF THE WOOD PEWEE 


29 


waking phrase. To make sure of hearing it is difficult, for three 
reasons: first, because it is sung extremely early, long before day¬ 
light; second, because the pewee sings first just one phrase, then 
remains silent for several minutes; third, because the first waking 
phrase is sung in a place which may be far removed from the perch 
for th$ rhythmic song. I suspect that the pewee himself sometimes 
omits the first few phrases of his song (see page 81). When he sings 
a complete prelude it is as follows. 

Waking extremely early, he sings a single phrase 2. All is silent 
again for a minute, or even for several minutes. Then he sings again 
a single phrase 2. The ensuing silence is not quite so long as before. 
He may sing a few more 2’s, minutes apart, before singing any other 
phrase. After singing perhaps as many as eight 2’s he introduces 
phrase 1 and sings in his leisurely style, which we described above; 
that is to say, he sings several Ts before repeating phrase 2, he sings 
no 3’s at all and he leaves a long rest after every phrase. But grad¬ 
ually the rests between phrases are shortened; thus the rate is ac¬ 
celerated. Then 3's are introduced between the Ts and 2's; but 
when that occurs the prelude has ended and the rhythmic song has 
begun. 

Records of 11 preludes are reproduced in records 1-11. Data on 
the preludes are summarized in tables 6 and 7. 

Every twilight song has a prelude. We shall see later that the 
morning twilight song may end abruptly, without a postlude; but it 
never begins abruptly, without a prelude. 

The rhythmic song. Toward the end of the prelude, the pewee 
sings faster, by shortening the rests between phrases. He is becoming 
aroused. He flies to a special perch from which he sings his rhythmic 
song every morning. On reaching this perch he bursts into his 
rhythmic song, changing somewhat suddenly from his slow and 
leisurely to his quick and continuous style of singing. He is singing 
now in a regular rhythm, ^4 measure, with only a quarter-rest after 
each phrase, as shown in our musical notation, figure 2 (or approx¬ 
imately so). He is singing all three phrases : the two gliding phrases, 
and also phrase 3, the rhythmic phrase, which is sung only in the 
rhythmic song. The order of the phrases is not haphazard; the Vs, 
2's and 3 J s recur in regular sequences which we shall speak of as 
‘"sentences.” The flow of music is continuous, phrase after phrase 
and sentence after sentence. 

It makes a strong impression upon the human listener. Different 
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listeners naturally communicate their impressions in different terms, 
Some observers comment on the extraordinary amount of time and 
energy devoted to this song and on its mechanical perfection, its 
“military precision” (Professor Yanncy). Others become enrap¬ 
tured and express their enthusiasm in emotional language. To my 
mind, the most significant fact about the rhythmic song is its musical 
beauty, its highly developed musical structure which we are going 
to explain in detail. 

In a former article I spoke of this continuous piece of music as 
“the twilight song proper.” But it will be better to call it “the 
rhythmic song” (or “the rhythmic portion of the twilight song”). 

Eight examples of the rhythmic song are shown in detail, as to 
phrases and sentences in records 4 to 11. Data oil the length of the 
morning twilight song are given in table 7. The rhythmic song (62 
cases) contains on the average 753 phrases. In eight cases it con¬ 
tains more than a thousand phrases; the greatest number (record 10) 
is 1273 phrases. The song represented in record 4 is the shortest 
ever recorded in June or July and even in it the rhythmic portion 
contains about 350 phrases. Now as to duration; there are only ten 
cases in which the duration of the rhythmic song was timed by the 
watch; of these, the shortest duration is 16 minutes; the longest, 
about 32 minutes; the average, 2A J / 2 minutes. It is a remarkable 
fact that a bird sings continuously for such a long time, and remem¬ 
ber that these measurements do not include the prelude nor the 
postlude. 

Four examples of the morning twilight song are represented 
graphically in figures 6 to 9. A glance at these graphs will give a 
general idea as to the temporal course of the song. Each graph shows 
the whole of the rhythmic song, but not the whole prelude, nor the 
postlude. The highest curve in each graph represents the rate of 
singing, or the total number of phrases per minute. The other three 
curves represent the frequencies of the l*s, 2’s and 3’s respectively. 
Of course the words “rate” and “frequency” are synonyms, but it is 
convenient to use the word “rate” only for the total number of 
phrases per minute, and the word “frequency” only for the number 
of l’s, 2’s or 3’s per minute. Certain important details of the graphs 
must be taken up separately in later sections of our paper. 
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Figure 6 Graph of morning rhythmic song by Saunders’s Twelfth, Fair- 
field, Conn., June 12, 1932, Horizontal dimension: minutes by the clock. 

Vertical dimension: number of phrases per minute. Phrase 1. 

phrase 2-phrase 3 — ■ — • Total phrases- Data for the 

prelude of this song are uncertain, due to the bird moving about; the 
certain record begins at minute No. 2 on the graph. At the end, the 
song stopped abruptly. 
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Figure 9 Graph of morning twilight song by Smith’s Sixth, Wells River, 
V.t, August 5, 1932. Symbolism as in figure 6, For prelude of this song, 
see record 2. Minute No. 1 on the graph began at 4.23 a. m. The record 
does not state whether there was a postlude or not. 

At present we shall speak only of the curves as representing 
"warming-up” and “fatigue.” Although the rhythmic song begins 
with a rapid rise to near maximum, yet each curve shows that the 
maximum rate is not attained until some minutes after the beginning. 
The gradual rise to the maximum is doubtless an example of 
“warming-up,” a phenomenon which is well known to students of 
psychology, education, physiology or athletics. 

Just as the curve shows a sudden rise at the beginning, it always 
shows a more or less sudden fall at the end. But the song always 
declines in rate before it reaches the sudden drop at the end. The 
observer always notices that: toward the end of the song the bird 
leaves longer rests between the phrases. The decline is doubtless due 
to the fact that the bird has been singing at a rapid rate for many 
minutes continuously. In popular language we say that the decline 
is due to “fatigue.” Psychologists now tend to regard the word 
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“fatigue” as a popular term which should not be used in scientific 
writing. They would say that the decline in the rate of singing is 
a “work decrement.” This term, you see, signifies a decrease in the 
work accomplished, without making any assumption as to the cause 
of this decrease. The decrement may he due to true fatigue, that is, 
physiological changes in the nervous system or the muscles caused 
by their strenuous activity in the rhythmic song. But the decrement 
might conceivably be due to loss of interest or a diminution of the 
impulse to sing. We really do not know the cause of the decrement. 
Having made this explanation, hereafter I shall speak in popular 
language, saying that the decline in the rate of singing, toward the 
end of the rhythmic song, is due to “fatigue.” 

The postlude. In the final minutes of the rhythmic song, as 
the rate is retarded, the 'bird sings a smaller and smaller proportion 
of 3’s. Usually this reduction continues until he is singing no 3’s 
at all, he is singing only Ts and 2’s, and he leaves a long rest after 
every phrase. Thus he is singing in his leisurely style, he has for¬ 
saken the rhythmic style of th'e twilight song proper, and as a matter 
of convenience in our description of the song, we therefore say that 
he is singing a “postlude.” The postlude varies extremely in length: 
at one extreme, the twilight song ends abruptly, with no postlude; 
at the other extreme the postlude is so long-continued that it evidently 
constitutes the beginning of the daytime singing, which may continue 
all day. Data concerning its length are given in table 7. An example 
of the postlude is shown clearly in Mr Woerner’s record (record 4) 
beginning at the 382d phrase—or at the 395th by a different interpre¬ 
tation. Another can be seen in Mr Test's June record (record 10) 
beginning very‘gradually, perhaps even at the 1170th phrase; from 
the 1314th phrase on, this song was pure postlude. 

Interludes. Occasionally, even in the very midst of the rhyth¬ 
mic song, the bird slackens speed and sings in his leisurely style for 
a short time, then resumes the regular rhythm and continues the 
twilight song where he left off. This interpolation of a bit of 
leisurely singing, which we shall name an “interlude,” may be due 
to a disturbance causing the bird to fall below normal. A neat ex¬ 
ample of an interlude is seen in the record of a song by Rickett’s 
Sixth individual (record 8) beginning at the 457th phrase: at that 
point the bird flew to a different tree; this caused him to fall down 
into a slow singing of 1212121 2, after which he quickly re¬ 
sumed his regular sentences, 132 132 and so on. 
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Length of the morning twilight song. Table 7 gives data on 
the length of the prelude, rhythmic song, postlude and finally the 
entire performance. In each case the table gives first the duration in 
minutes (if known), then the length measured in number of phrases. 
There is a number of factors which bring some uncertainty into 
these various figures. For example, in order to determine the length 
of the prelude, the observer must hear the very first waking note and 
it is not easy for him to be sure that he has accomplished this. 

The length which is most useful for statistical study is that of the 
rhythmic song. As to its beginning: the change from the prelude 
into the rhythmic song is usually somewhat sudden, so that we can 
determine it with an error of less than a minute of time. In regard 
to the end of the rhythmic song we are less fortunate, except in those 
cases in which the singer stops abruptly. When he sings a postlude, 
it is usually impossible to determine exactly the moment at which 
the rhythmic song ends; in such cases I have simply used my judg¬ 
ment. 

One of the most remarkable facts about the morning twilight song 
is its great length; we have spoken already of the length of its 
rhythmic portion. As for the length of the entire twilight song, shown 
in the “Total” column in table 7, we would point to (FTl:27Je29, 
39.9°N.) lasting 59 minutes, containing 1352 phrases; (Sm4;9Jy29, 
44.2° N.) 55 minutes, 1323 phrases; (Sa9:24Je29,41.1° N.) 62 
minutes; (VL1:20Jy28, 44.4° N.) 60 minutes. 

Place for -the rhythmic song. The wood pewee sings the 
rhythmic portion of the twilight song in the same place every morn¬ 
ing—with rare exceptions, probably with no exceptions under normal 
conditions. It has often been observed that the place where he sings 
the rhythmic song is not where he roosts at night and not where he 
sings in .the daytime. His customary routine is as follows. Fie sings 
the first few phrases of the prelude-minutes apart—without moving 
from the roost where he has been sleeping. After these first few 
phrases, but during the singing of the prelude, he moves to the perch 
for the rhythmic song. He may do this by one long flight, but in 
many cases he moves by stages, making short flights between the 
singing of his phrases. Flaving arrived at the location for the 
rhythmic song, he stays there until the song is finished. Then he 
flies back to a perch at or near the point from which he started and 
there he soon begins the daytime singing. The return flight may be 
made at the end of the postlude or at the end of the rhythmic song 
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when there is no postlude. The distances flown by different indi¬ 
viduals to or from the special place for the twilight song have been 
recorded as follows: about 100 yards (R6, Sa2, Sal2); nearly 100 
yards (Sal3); 100 yards? (Sa6); 125 feet (Sm5) ; about 400 feet 
(Sm2) ; “so far away I could hardly hear it 5 ' (Sa4). Mr Saunders 
observed in the case of his Ninth individual, on at least one morning, 
that from the perch where he sang his first waking phrase he moved 
about 200 feet to the perch for the twilight song; after finishing the 
twilight song he moved about half-way back to the starting point 
and there began the daytime singing. 

In some cases the wood pewee flies considerable distances from 
tree to tree in the midst of his rhythmic song, but in all such cases 
it appears that something is disturbing him and his song is broken 
up and very irregular. It is not unusual, however, for him to make 
one or two short flights in the midst of his song, with only a slight 
“interlude,” that is, only a slight interruption of the regular sequence 
of his phrases, as illustrated in record 8 at the 457th phrase. The 
place for the rhythmic song is not limited to a single perch; it com¬ 
monly includes several perches in one tree and apparently may include 
more than one tree. 

There are grounds for believing that the bird's ability to sing the 
rhythmic song is somewhat dependent upon his being in the right 
place (see page 119). In the early morning, when he moves from his 
night roost to the station for the twilight song, his arrival there seems 
to give him a stimulus to burst forth rather suddenly into the rhythmic 
song. 

Little is known concerning the relations of the singing perches to 
the nest. Notes by Mr Saunders on his Second individual indicate 
that the nest may have been near the perch where the bird sang in 
the daytime. Mousley in his article “ The singing tree,' or How 
near to the nest do the male birds sing?” (T9) gives measurements 
for many birds, of various species; in his one measurement for the 
wood pewee the singing tree was eight yards from the nest and the 
tree referred to was evidently the one used for the daytime singing. 
The relations of the wood pewee’s singing trees to his territory and 
to the territories of his neighbors have never been studied. Here is 
a topic which might well be investigated by a field ornithologist. 

RECORDS OF THE MORNING TWILIGHT SONG 

Directions for making a record. To make the record, you 
simply listen to the song and as each phrase is sung you write its 
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number, 1, 2 or 3 as the case may be. Since the bird begins long before 
daylight, you will need an electric torch (“flashlight”) in order to 
see what you are writing. 

Note the hour at which you hear the first phrase, llul it is of the 
utmost importance to note also the hour at which you arrived at the 
wood pewee’s station and began to listen for him; he may have sung 
one or more phrases before you arrived. The same principle applies 
to the end of your record, note the hour at which you leave, because 
it is possible that the pewee may sing some more after you have left. 

The ideal is to obtain a record which is complete from beginning 
to end, showing every phrase which the bird sang. But occasionally 
there may be breaks in your record, due to outside noises which 
prevent you from hearing some of the phrases. By practice you can 
learn to hear the wood pewee’s phrases even when there is consider¬ 
able outside noise. When a break does occur, indicate it on your 
record, and note its length in seconds or minutes. 

The great danger is that of mixing the phrases of two wood pewees 
in your record. You must be absolutely sure that your entire record 
comes from one singer. 

When the bird sings an irregular phrase, which can not be identified 
as phrase 1 or 2 or 3, record it as an x. After finishing your record, 
describe the irregular phrase from memory as well as you can. 

When the singer rests (remains silent) for two seconds or more, 
as if he left out a phrase at that point, represent this by a dash. 

Note the hour when the song comes to an end. In the case of 
a song with a long-continued postlude you do not need to wait for 
the end of it: but make sure that the bird is singing the postlude, 
that his twilight song proper has come to an end and that he will not 
sing phrase 3 any more, and note the hour when you cease recording. 

Please send the original record which you made in the field; do 
not send a copy of it. 

Timed records. Most of our records are of the nontimed sort. 
They have the clock time marked at the beginning and at the end of 
the record, but not at intermediate points. I must take the blame for 
this myself; at the beginning of the study I did not ask for timed 
records, because I did not realize the importance of having the clock 
time marked at every minute throughout the record. The directions 
for making a timed record are as follows; 

Use a watch with a second hand. At the beginning and also at 
the end of the record, write down what time it is by the watch, for 


From the digital collections of the New York State Library. 



SONG OF THE WOOD PE WEE 


39 


example, 3.42 a.m. In the midst of the twilight song, when the 
pewee is singing at his quick tempo, you will not have time enough 
between phrases to write “3.42 a.m.” Instead of writing this, each 
time the second hand of your watch comes to the 60-second mark, 
write- an M in the record. These M's should be placed with perfect 
accuracy; that is to say, the error should be less than the duration of 
one phrase. Observers have found that there is no difficulty in writing 
the minute-marks on the record, as described. In future, all records 
should be timed records. 

Examples of the records. The beginning of one record is 
transcribed in its original form, as a sample, in record 3. This sample 
contains 100 phrases; the whole record contained 886. In the present 
paper, no complete records are reproduced in that original form, 
because such a record appears to be a mere mass of figures until it 
is analyzed. All the complete records which we reproduce (records 
4-11) have been rewritteen to show the sentences clearly. Our group¬ 
ing of, the phrases into sentences i£ somewhat arbitrary. If any 
reader wishes to eliminate the sentences which we have shown, he 
can easily do so. In record 4, for example, where we have written 
“(12 twelve times)” he can write this out in full: 12121212121212 
1212121212. By going through* the entire record in this manner he 
can make a copy of the record in its original form. 

In all the records, we have placed, here and there, an ordinal num¬ 
ber below the line. The use of these ordinals is obvious: they serve 
to count the number of running phrases from the beginning to the 
end of the record. 

Records 4-11 reproduce eight complete records. One other com¬ 
plete record can be found in Allard's paper j('34); it represents a 
morning twilight song sung at Lyon Park, Clarendon, Va., July 10, 
1926. 

In his published record Mr Allard represents the phrases by the 
numbers 1, 2 and 3, the same as we have done. But when making 
his original record in the field he did not use numbers, he used 
miniature, simplified graphs, jotting a graph down on the paper as 
soon as he heard each phrase sung. He thus made what may be 
called a “graphic record.” Probably other observers will find it a 
good plan to make a graphic record in certain cases, especially when 
they wish to record irregular or modified phrases. 

Accuracy of records. Mr DuBois and his sister, Charlotte A. 
DuBois, made an interesting test of the accuracy of recording. The 
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two observers listened at the same time to one wood pewee, each 
making a record independently. The results show a twilight song of 
1066 phrases. Before speaking of the accuracy of the two records 
we must note their degree of freedom from breaks: there is one long 
break in one record, filled by 17 phrases in the other record; and in 
four cases, one observer recorded a rest where the other recorded a 
phrase; these are evidently the only breaks in the two records. Now 
as to accuracy: in only two cases did Mr DuBois record a phrase 
different from that recorded 'by his sister. Assuming that, in each 
of these two cases, one of the observers was correct, we reach the 
conclusion that each of them made only one positive error in record¬ 
ing 1066 phrases. Some of the other observers doubtless attained as 
high accuracy. Indeed it may be regarded as certain that in some 
of the records the accuracy is 100 per cent. 

In regard to completeness, the records are less satisfactory. Even 
the best and most experienced observer can not be sure of getting a 
complete record every time he tries it. Many of our records-fail to 
show the beginning: few of them show the very beginning of the 
prelude; many fail to show the beginning even of the twilight song 
proper. Most of the records have breaks in them, due chiefly to 
disturbing noises which drowned out some of the wood pewee’s 
plmases. Of our 144 records, some are mere fragments; only about 
68 are complete enough to be used in those parts of our study for 
which complete records are required. 


(2.44 a.m.) 2 -- 2 <—■ 2 (rest, 80 sec.) (2.4S ;50 a.m.) 2 — (2.46 a.m.) 
2 — 2 — 2 (2.47 a.m.) (rest) (2.48 a.m.) — 2 (rest, 40 sec.) 1 — 
132 312 (2.49 a.m.) 

10th 

Record 1 Record of .beginning of morning twilight song by Smith’s Fifth, 
Wells River, Vt., July 12, 1932. For a graph of this song see figure 8. 


(4.23 a.m.) 1 — 111 — 1-1 — 1 (4.24 a.m.) — 1 (rest, IS sec.) 
1 — 1 — 1 — 11 — 1 — 1-2-3 (4.25 a.m.) 1 - 1 — 12 312 1 3 3 

20th 

1312 1 3 1312 (4.26 a.m.) 

34th 

Record 2 Record of beginning of morning twilight song by Smith’s Sixth, 
Wells River, Vt., August 5, 1932. For a graph of this song see figure 9. 
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(3.39 a.m.) 2 - 2 -2 - 2-22-121121313131131323 
1312311313231313213132313131321 
3132313123131313231312313131321- 
13213123131231 

Record 3 The first hundred phrases of the record of the morning twilight 
song by Mrs Lean’s Second, Waupaca, Wis., July 22, 1929. The complete 
record contains 886 phrases. 

(3.52 a.m.) 1—2—1—2—1—1—1—1—(12 twelve times) (312 twice) 

9th 33d 

(3132 thirty-four times) 3 2 (3132 eight times) 3 2 (3132 fifteen 
39th 178th 211th 

times) 3 2 (3132 five times) 132 (3132 twenty times) 312 12 3 
273d « 296th 

(12 thrice) 1 - 12 1312 1 - 1 - 1 - 12 1 - (12 thrice) 1 - 1 - 1 - 1 - 
382d 395th 401st 

1-1 (Ended 4.15 a.m.) 

412th 

Record 4 Record of morning twilight song by Woerner’s Third, Hessdale, 
south of Lancaster, Pa., June 29, 1930. 


(3.42 a.m.) 1 — 1 — 1 - 1 (3.43 a.m.) - 1 - 1 - 1 - 1 (3.44 am.) 
-1-2-1- 12 3132 3132 132 (3132 seven times) 1 (3132 eight 
14th 25th 54th 

times) 132 (3132 eight times) 132 (3132 thrice) 132 3132 3132 132 
89th 124th 

3132 3132 3 1 (3132 four times) 1 (3132 ten times) 13132 3132 
150 th 160th 177th 217th 

132 3 1 (3132 thrice) 313132 1 3 1 (3132 four times) 31312 3 13 1 
231st 252d 

3132 132 3132 3132 1 3 13132 132 3 1 3132 3132 132 (3132 thrice) 
281st ■ 304th 315th 

1 3 3132 132 3 1 3132 3132 132 3132 3132 132 132 3132 13132 
329th 360th 

3132 31312 3132 3132 132 (3132 four times) 1 3 - 3 1 3 1 3 - 3132 
376th 392d 410 th 

132 3132 3132 13132 3 1 3 - 3132 3 1 - 2 3 1 3 - 313132 132 
430th 448th 

(3132 four times) 3 2 3132 313132 3 1 3 - 132 132 1 (3132 thrice) 
457th 479th 495th 

3 1 - 1 3 - 3132 3 1 3132 1 (3132 thrice) 3 (13132 twice) 3132 
511th 522d 535th 

1 3 1 3 - 3132 1 3 1 3 3 2 1312 (3132 thrice) 132 13132 3 1 3 1 3 - 
553d 567th 

132 3 1 - 2 312 132 312 3132 3132 313132 3132 132 3132 1 3 312 
601st 621st 

3132 132 3. 1 3 3132 3132 132 3132 3 1 3 (132 four times) 3132 
641st 651st 665th 

13132 1 3 1 - 132 3 1 3 - 3 1 3 1312 3132 (13132 twice) 3 (13132 
689th 706th 717th 
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twice) 312 31 - 1 - 3132 (13132 twice) 132 13132 3 1 3 1 - 2 13132 

737th 760th 

1 3 312 3132 (1312 twice) 3 13 1312 - 12 - 1 (Stopped about 
774th 791st 

4.12:40 a.m.) 

This song lasted 30 minutes, 40 seconds. The successive minutes 
began with the following phrases: 

Minute 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 

Phrase 1 5 9 33 61 91 120 150 180 212 242 271 301 332 361 

Minute 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

Phrase 390 419 448 477 502 529 556 583 606 635 665 689 713 737 

Minute 30 31 
Phrase 759 779 

Record 5 Record of morning twilight song by Saunders’s Thirteenth, Fair- 
field, Conn., June 25, 1932. For graph of this song see figure 7. 


(Arrived at 3.24 a.m.) (About 3.44 a.m.) 1 1 1 12 312 312 132 
31312 312 3132 31312 3132 (31312 twice) 3132 (31312 four times) 
15 th 36th 50th 

3132 (313132 twice) (31312 twice) 3132 (313132 eight times) 31312 
74th 86th 100th 

3132 313132 31312 3132 (313132 six times) 3 1 3 312 3 1 3 312 
157th 172d 208th 

3132 (313132 eleven times) 1 ... 2 3 1 3 3 2 13132 (313132 twice) 
224th 293d 302d 

3133132 (313132 twice) 3 1 3 312 3132 (313132 twice) 3133132 
314th 321st 343d 355th 

3132 313132 ... 1312 (3132 twice) 3133132 3132 3133132 3 1 3 

384th 395th 

312 3132 3133132 3132 3133132 313132 3 1 3 3 2 1 3 (3132 twice) 
412 th 423d 437tli 443d 

3133132 (313132 twice) (3133132 twice) 313132 - 1 3 1 - 12 3132 
451st 458th 470th 

3133132 313132 3133132 3132 (3133132 thrice) - 1 3 312 3132 
499th 512th 523d 

(3133132 twice) 3132 (3133132 twice) 313132 3 - 1 - 2 313132 
553d 571st 594th 

3 1 3 312 3132 313132 3 1 3 3 1 3 1 3 312 3132 3133132 3 1 3 
610th 631st 

312 3 3 1 - 12 3 1 3133132 3 1 3 3 1 3 312 3133132 1 3 3 132 
651st 667th 

3133132 3132 (3133132 five times) 313132 3133132 3132 (3133132 
680th 691st 732d 743d 

twice) 3 1 3 312 3 1 3 - 12 3133132 132 (3133132 thrice) 313132 

768th 778th 

3133132 3 1 3 (3133132 five times) 3 1 3 3 1 3 312 3 3132 313132 
805th 815 th 864th 

3132 1 3 3132 (3133132 six times) 1 3 3132 (3133132 thrice) 3132 
880th 928th 
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313313 312 313132 3131 3 312 3 1312 1 3132 1 3 3132 
. 962d 982d 

312 1 31312 313132 31312 1 4.8 a.m. Ceased. (Flew some 

996th 1012th 

distance away. Commenced daytime singing.) 

Curve of the percentage of 3’s in this song: 

Running 11th 61st 111th 211th 311th 411th Sllth 611th 711th 811th 911th 961st 

phrases to to to to to to to to to to to to 

60th 110th 210th 310th 410th 510th 610th 710th 810th 910th 960th 1010th 

Percent¬ 
age of 3’s 42 46 49 49 51 52 53 54 54 56 56 44 

Record 6 Record of morning twilight song by Yanney’s First, Wooster, 
Ohio, June 25, 1926. For record of another song by the same individual, see 
record 7. 


(Arrive 3.57 ami.) (4.13 a.m.) 2-12-1-12-1 12 - 12 1 
(12 seven times) 3132 31312 3132 31312 13132 (313132 twice) 
13th 27th 50th 

3132 13132 1312 3132 313132 3132 3 1 31312 3132 3 1 31312 
71st 91st 

3132 3 1 3 1 - 312 (313132 seven times) 3132 (313132 seven 
118th 164th 

times) 31-2 13132 3 1 3 1 3 312 3132 313132 3133132 313132 
209th 232d 

3132 (313132 twice) 3 1 3 312 (313132 twice) 3 1 3 312 (313132 
249th 267th 285th 

twice) 3132 1 3 3132 313132 (3133132 twice) 313132 3132 1 3 

313th 

(3132 twice) 13132 313132 3 1 3 312 313132 3132 (313132 twice) 
339th 374th 

3133132 1 3 312 3 1 3 3 - 12 3 1 3 3 - 12 313132 3132 1331 
3 1-2 (3132 thrice) 313132 3132 (3133132 twice) 3131332 
427th 449th 

(3133132 thrice) 313132 3133132 3 1 3 312 313132 3133132 
470th 

(313132 twice) 1312 3 (3132 twice) 1 3 313132 312 313132 
523d 540th 

(3133132 five times) 13132 3133132 3 1 3 312 3132 313132 
565th 600th 622d 

3133132 3 1 3 312 3133132 3132 3 - 12 3 1 3 1 3 312 3 1 3 
641st 660th 

312 3132 313132 3 1 3 312 3132 3133132 * 313132 3 1 3 312 

682d 702d 

3133132 1 3 3132 331313 312 3 313132 3133132 313313 
721st 737th 

312 3133132 31331-1- 12 -1 (31312 twice) 313-1-12- 
760th 769th 

1312 - 3 1 - 1 - 2 - x 1 x 12 - (1312 twice) 3133132 313132 3133132 

798th 
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3 1 3 1 3 - (4.44 a.m.) (4.46 a.m.) Begins to sing l’s and 2’s 
830th 

with long rests between. 

The phrases represented by “x” (the 793d and 795th) were 
“abortive phrases and occurred when excursions were made after 
insects.” 

Curve of the percentage .of 3’s in this song: 

Running 31st 81st 131st 231st 331st 431st 531st 631st 731st 781st 

phrases to to to to to to to to to' to 
80th 130th 230th 330th 430th 530th 630th 730th 780th 830th 

Percent¬ 
age of 3’s 44 48 49 51 49 54 52 52 48 38 

Record 7 Record of morning twilight song by Yanney’s First, Wooster, 
Ohio, August 3, 1926. For record of another song by the same individual, see 
record 6. 


(3.59 a.m.) 2 - 1 (4.00 a.m.) 2 - 2 (4.03 a.m.) 2 (4.07 a.m.) 
(Several l’s missed.) 12 12 132 1312 12 (312 thrice) 132 132 
7th 11th 20th 

12 312 (132 eight times) 1312 312 312 3 (132 seven times) 2? 

40th 75th 

132 13132 132 12 (312 seven times) 3 1 (312 thrice) 3 (132 thrice) 
110th 133d 143d 

312 312 1 132 312 312 3 (132 four times) (312 thrice) 3132 12 

169th 181st 

3132 (312 thrice) 3132 312 3 2 (132 four times) 312 312 3 
200th 218th 

(132 thrice) 3132 132 312 (3132 twice) 132 3 (132 thrice) 312 
237th 256th 268th 

3132 132 12 (312 seven times) 3132 (312 four times) 3132 312 
289th 314th 

3 2 132 3132 312 312 3132 312 3 - 312 (3132 twice) 132 3132 
338th 359th 

132 312 3132 132 312 3 2 312 3132 (3132 312 five times) 323 

399th 

(132 thrice) 3l2 3132 312 3 (Bird "changed trees!”) - (12 four 
437th 457th 

times) 132 132 312 3132 312 3 2 (3132 thrice) 312 (3132 thrice) 

483d 498th 

(312 3132 twice) 3132 (312 3132 thrice) 132 312 (3132 twice) 
510th 528th 555th 

312 (3132 twice) 132 (3132 twice) 132 3132 312 312 3132 132 
566th 577th 592d 

312 3 1 2? 12 3132 132 3132 (312 3132 seven times) (3132 312 
611th 624th 673d 

twice) (312 thrice) 3 2 132 312 312 3 (132 thrice) 312 312 (3132 
6S7th 708th 723d 

312 twice) 312 3132'312 (312 3132 twice) (312 four times) 3132 

747th 761st 
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312 312 3132 132 312 312 3132 312 312 (3132 twice) 12 3 - 3 
777th 790th 806th 

2 132 (312 3132 twice) 132 (3132 twice) 312 3132 132 3132 
822d 839th 850th 

312 12 3 (-1-2 thrice) (Flew, 4.35 a.m.) (The last phrase is 
867th 

the 872d.) 

Record 8 Record of morning twilight song by Rickett’s Sixth, near Rollin’s 
Spring, south of Columbia, Mo., July 19, 1929. For record of a song by 
the same individual in the following year, see record 9. 


(3.46 a.m.) 1 - (12 four times) - 3-1-3-1 (3132 thirteen 

14th 

times) - 132 - 132 (3132 twice) 31312 (3132 twice) 132 132 
72d 85th 

(3132 four times) 31312 (3132 eleven times) 132 312 3 3 2 132 
99th 120th 

3132 3 2 3 2 (3132 five times) 312 3132 312 3 2 (3132'eight 
184th 216th 

times) 312 (3132 seven times) 132 (3132 thrice) 3 1 313132 132 
251st ' 282d 

(3132 nine times) 312 3 2 (3132 four times) 312 (3132 four 
305th 346th 365th 

times) 312 3 2 (3132 thrice) 3 312 (3132 twice) 3 312 3 2 3132 
386th 402d 

312 3 2 3132 132 3132 (3132 312 twice) 3 2 3132 3 2 1 (3132 ten 

436th 459th 

times) 312 3 (3132 four times) 312 (3132 six times) 312 3 3132 
503d 522d 

312 3 (3132 thirteen times) 312 3 312 3 312 3 312 (3132 eleven 
558th , 625th 

times) 312 (3132 twice) 312 (3132 thrice) 312 132 (3132 six 
672d 683d 701st 

times) 132 132 (3132 twice) 132 3132 1 (3132 five times) 3 2 
731st 747th 

1 3 312 (312 3132 twice) 3 1 312 (3132 twice) 132 3132 1 
774th 793d 

(3132 thrice) 1 312 312 3132 312 12 1 - (Stopped abruptly. 
809th 837th 

4.16 a.m.) The phrase 2 at the 7th, 9th, 206th, 250th and 697th 
running phrase “was curious. He started it about on the pitch of 
the first note of phrase 3 but tried to come down as in phrase 2 - 
immediately gave it up and started without pause over again on the 
usual pitch of phrase 2.” 

Record 9 Record of morning twilight,song by Rickett’s Sixth, near Rollin’s 
Spring, south of Columbia, Mo., July 2, 1930. For record of a song by the 
same individual in the preceding year, see record 8. 
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(3.15 a.m.) (About eight 2’s, at intervals of about a minute at first, 
and later about 30 seconds) (3.20 a.m.) (1 12 six times) 1 1312 

9th 

12 1 12 1 12 (1312 twice) 1 - x 1312 1 12 1312 12 (1312 four 
40th 49th 63d 

times) 12 1 12 - 12 (1312 sixteen times) 13 1 (1312 twice) 13 1 
86th 153d 

(1312 six times) 1 12 (1312 twice) 12 (1312 nine times) 12 
164th 191st 201st 

1-12 (1312 five times) 13 1-12 (1312 eight times) 1 3 1 x 
242d 267th 

f 1312 nine times) 12 (1312 nine times) 1 - 1 3 1 - 12 12 
303d' 341st 

(1312 fifteen times) 12 (1312 twice) 13 (1312 twice) 3 (1312 thrice) 
385th 447th 457th 466th 

1 3 1 - 12 (1312 four times) 12 (1312 thrice) 312 (1312 seven 
483d 501st 516th 

times) 12 (1312 forty-eight times) 12 (1312 fourteen times) 12 
546th 740th 

(1312 twenty-five times) 12 (1312 eighteen times) 12 (1312 twice) 
798th 900th 974th 

1 3 1312 1 12 1312 12 (1312 twice) 1 (1312 four times) 1 

997th 1006th 

(1312 four times) 1 (1312 four times) 12 (1312 thrice) 12 

1023d 1040th 1058th 

(1312 four times) 12 1312 1 12 1 3 1 12 1 12 1 132 1 12 1 
1072d 1100th 

1312 12 (1312 four times) 12 (1312 twice) 1 12 (1312 twice) 
1119th 1137 th 1148th 

12 (1312 thrice) 1 12 1 3 1 12 (1312 twice) 1 1312 (4.06 a.m.) 

1158th 1178th 

(1 12 five times) 1 1 12 1312 1 12 1 12 (1312 twice) 1 12 1 12 
1191st. 1220th 

(1312 twice) 12 1 1312 12 12 1 12 1312 12 12' 1 12 3 1 12 
1234th 

1312 1 12 1312 1 12 1312 12 1 1 12 1 (12 1312 thrice) (4.12 a.m.) 
1271st 1296th 

1 12 1 1 (1 12 nine times) 1 1 12 1 12 (4.14 a.m.) 

1314th 1319th 1352c! 


“The two phrases marked x (the 49th and 302d) sounded to me 
like a phrase 2 with an added note about like the last note of phrase 
3. There was a very short pause between the last note of phrase 2 
and the added note.” 


Record 10 Record of morning twilight song by F. Test’s First, Turkey Run 
State Park, Ind., June 27, 1929. For record of another song by the same 
individual, see record 11. 
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(Arrived 3.34 a.m.) (4.12J/2 a.m.) 2 - ten-minute rest - 2 - two- 
minute rest - 2 one-minute rest - 2 - one-minute rest - 1 - half¬ 
minute rest - 2 - half-minute rest - 2- -2-12--2--1 21 
- - 1 1 - two-minute rest - 1 - (five l’s) 12 3 ... (break, twenty 

25th 

seconds) ...12313 (1312 thrice) 1 3 2? 2 312 (1312 five times) 

31st 50th 

3 1 - 12 312 (1312 five times) 312 (1312 seven times) 12 12 312 
77th 100th 

1312 12 312 1312 13 (1312 twice) 1 - 12 312 (1312 thrice) 312 
150th 164th 

(1312 four times) 312 1312 132 1312 1 x 2 12 12 132 1312 1 - 12 
179th 210th 

1312 132 (1312 thrice) 12 (1312 five times) 12 (1312 twice) 
233d 247th 269th 

3 13 (1312 nine times) 312 1312 12 12 (1312 four times) 312 
280th 327th 

(1312 five times) 12 1312 132 1 12 (1312 twice) 12 (1312 twice) 
346th 378th 388th 

12 (1312 five times) 13 1312 12 12 12 (1312 thrice) 1 12 1 (Stopped 
398th ^ 430th 445th 

abruptly, 4.47 a.m.) 

(In the original record there are a great many x’s. In copying the 
record I have regarded every x as a phrase 2, except the one at the 
210th running phrase. The description of these x's is the same as 
that given in record 10.—W. Craig.) 

Record 11 Record of morning twilight song by F. Test’s First, Turkey Run 
State Park, Marshall, Ind., August 5, 1929. For record of another song 
by the same individual, see record 10. 

THE SENTENCES 

In the rhythmic song the phrases occur again and again in certain 
regular sequences which we shall name "sentences.” When the same 
sentence is sung two or more times in succession, we shall speak of 
this as a “string” of that sentence. “Sentence” is a term regularly 
used in music, but “string” is a new term. Table 3 gives a tabular 
view of the principal sentences of the twilight song, and some of 
the longest strings of each. You can see from this table that the 
long strings are an impressive phenomenon. The extreme case is 
that of a pewee who sang his phrases in the order 3132 continuously, 
without a single “error/ 1 until he had sung 296 phrases, occupying 
about nine and one-half minutes of time. 
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Table 3 

The principal sentences of the twilight song and some of the longest strings 

of each 


PER¬ 

CENT¬ 

AGE 

OF 

3’s 

SEN¬ 

TENCE 

LONGEST STRINGS 

Number 
of sen¬ 
tences 

Ntimber 

of 

phrases 

Estimated 

duration 

(minutes) 

Indi¬ 

vidual 

Date 

Locality 

571/7 

3133132 

8 

56 

2 

Y1 

21Je26 

Wooster, Ohio 



8 

56 


Y1 

27Je26 

Wooster, Ohio 



6 

42 


Y1 

2SJe26 

Wooster, Ohio 



6 

42 


Y1 

27Je26 

Wooster, Ohio 

50 

313132 

16 

96 

3 

Sa2 

18Je26 

Fairfield, Conn. 



12 

72 


Y1 

27Je26 

Wooster, Ohio 



11 

66 


Y1 

27je26 

Wooster, Ohio 

50 

3132 

74 

296 

m 

IT1 

20Jy25 

Winona Lake, Ind. 



62 

248 

8 

IT1 

14Jy25 

Winona Lake, Ind. 



43 

172 


W2 

VJy29 

Hessdale, Pa. 



36 

144 | 


W2 

7Jy29 

Hessdale, Pa. 



34 

136 


W3 

29Te30 

Hessdale, Pa, 



27 

108 


Snl 

25Je26 

Raleigh, N. C. 

40 

13132 

9 

45 

i x 

R3 

27Jy27 

Rocheport, Mo, 



8 

40 


. R5 

18Je29 

Columbia, Mo. 



8 

40 


R5 

25Te29 

Columbia, Mo. 



8 

40 


Sm3 

9Jy29 

Wells River, Vt. 

40 

31312 

7 

35 

1 

R5 

30Je29 

Columbia, Mo. 



6 

30 


several 


various 

33H 

132 

28 

84 

3 

R1 

16jy26 

Madison, Wis. 



15 

45 


Sm3 

9Jy29 

Wells River, Vt. 



13 

39 


G1 

13Jy26 

Highland Park, Ill. 

33H 

312 

13 

39 

m 

C5 

7Jy20 

Orono, Maine 



10 

30 


Y2 

23Je26 

Wooster, Ohio 



10 

30 ■ 


Y2 

31Jy26 

Wooster, Ohio 

25 

1312 

48 

192 

7 

FT1 

27Je29 

Turkey Run 



25 

100 


FT1 

27Te29 

State Park, 



22 

88 


FT1 

26Je29 

Ind. 



14 

56 


C6 

8Je21 

Orono, Maine 

0 

12 

15 

30 

l'A 

W1 

20Je26 

Hessdale, Pa. 



12 

22 


W3 

29Je30 

Hessdale, Pa. 



7 

14 


Sa9 

27Je30 

Fairfield, Conn. 



7 

14 


Y1 

3Ag26 

Wooster, Ohio 


The sentence 12, the last in the table, is separated from the others by a double 
line, because strings of this sentence do not occur in .the rhythmic song; they 
"ccur only in the prelude or postlude or an interlude. 
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In all the complete records which are here reproduced (records 
4-11) the digits 1, 2 and 3, representing the phrases, have been 
spaced in such a way as to bring out the sentences clearly. The 
digits representing one sentence are printed close together. A space 
is left after each sentence and also after each odd phrase which forms 
no part of a sentence. It should be remembered that the spaces 
do not- represent rests; when the pewee is singing in his regular 
rhythm, the rests after the phrases are all equal; the rest at the end 
of a sentence is no longer than the others. When the record is 
transcribed in such a way as to bring out the sentences clearly, as in 
records 4-11, it may be called a “sentence record”; the original record 
made in the field was a “phrase record,” as illustrated in record 3. 
When you look at the sentence records you can see that in the 
rhythmic song, especially at the height of the rhythmic song, nearly 
all the phrases are included within the sentences (see page 61). 

In our study of these sentences of course we have needed to decide 
which sequences constitute a sentence and which do not. In solving 
this problem, we have been governed by only two rules. The first 
and most important rule is that a given sequence of phrases, in order 
to constitute a sentence, must occur regularly and frequently, the 
most convincing evidence being occurrence in long strings. For 
example, the sequence 132 occurs regularly in the songs of most 
individuals (commonly near the beginning or near the end of the 
rhythmic song) and in some songs it occurs in long strings; hence 
it is classed as a regular sentence, and always printed with the digits 
close together, 132. In contrast, the sequence 1 3 3 2 occurs in com¬ 
paratively rare cases, and in such a way as to indicate that in these 
cases the singing is below par or disturbed or abnormal; hence it is 
not classed as a regular sentence, and it is printed always with the 
digits spread apart, 1 3 3 2. 

A second rule, subordinate to the first one, is that every sentence 
ends with phrase 2. Oldys (’04) and Saunders (’29, p. 67) have 
used this same rule, basing it on the musical fact that phrase 2 has 
the most finality. There is nothing in the records to establish this 
rule; strings begin and end indifferently with phrase 1, phrase 2 
or phrase 3. But there is nothing against the rule; I have made an 
empirical test of it which indicates that it works as well as any other 
rule, to decide where the sentences begin and end. 

In table 3 we gave a tabular view of the “principal” sentences of 
the twilight song. These are the ones which occur most frequently 
and in the longest strings. But there are other sequences of phrases 
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which are fairly frequent and are sung in strings by some individuals. 
There is no sharp dividing line between the “regular sentences” and 
the sequences which are merely accidental. 

We do not claim that the wood pewee himself has any clear 
knowledge of the sentences. The question of his awareness of them 
will"be discussed near the end of our paper, after we have brought 
out many different facts which have a bearing on that question. But 
we need to state now that the bird does not deliberately compose the 
sentences. This conclusion is supported by the facts already given; 
for example, the fact mentioned in the preceding paragraph, that 
there is no sharp dividing line between the regular sentences and the 
sequences which are merely accidental. 

To any one listening to the twilight song and making a record 
of it, the sentences are a striking phenomenon. Every observer is 
impressed by them and wonders what can be the explanation of 
them. That was what started me on this study of the song of the 
wood pewee. It seemed to me extraordinary that the bird was able 
to sing phrase after phrase in long strings of regular sentences and 
I thought that a study of these ■ orderly sequences might throw some 
light on the bird’s consciousness. But when I studied the large 
number of records sent to me by other observers, it became clear 
that, in this matter of the order of succession of the phrases, the 
sentences are not the primary fact; they are a result of certain under¬ 
lying tendencies which must be more or less unconscious. We shall 
turn presently to a study of these underlying tendencies, but first 
we shall give a musical analysis of the pew.ee’s most perfect sentence. 

The wood pewee’s most perfect sentence. The sentence 3132, 
which is by far the commonest, is also the most perfect in the wood 
pewee’s repertoire; indeed, it is such a well-constructed musical 
sentence that we shall now take time to give a careful analysis of it. 
A musical analysis of this sentence was first made by Henry Oldys 
(’04). 

The sentence consists of the four phrases, 3132: ‘but while making 
the present analysis we must cease to call them “phrases,” we must 
call them “sections,” and we shall designate them in order A B 1 A B 2 
as shown in figure 10, The same sentence structure, A B 1 A B z is 
found in a great many pieces of human music, both popular and 
classical (Prout, ’93, p. 86; Britan, ’ll, p. 41); it is the structure 
of the first sentence of many (though not all) of our favorite songs, 
and in some simple songs for children this one sentence constitutes 
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the entire song. For detailed comparison with the wood pewee’s 
sentence I have chosen the first sentence of “Home, Sweet Home,” 
because of its simplicity and its specially close resemblance to the 
music of the wood pewee; it is represented in figure 11, with the 
four sections marked AB 1 AB 2 . Our discussion concerns solely the 
music of “Home Sweet Home,” not the words. 


A B A B 2 



1 ah-di-dee pee-ah-wee ah-di-dee pee-oh 

Figure 10 The sentence 3132, the wood pewee’s most perfect sentence. 
Compare with figure 11. 



Figure 11 The first musical sentence of the song, “Home, Sweet Home.” 
Compare with figure 10. 


We shall now analyze this sentence, AB 1 AB 2 , and our analysis 
will apply equally to the sentence from the wood pewee’s song (figure 
10) and to that from “Home, Sweet Home” (figure 11), except 
when a statement is made to the contrary. The sentence is a well- 
constructed musical sentence, built upon important resemblances, and 
also important contrasts, between the four successive sections. We 
shall speak first of the resemblances. The four sections are essentially 
of the same length. They' are in the same meter; the rhythm is 
continuous from the beginning to the end of the sentence. In “Home, 
Sweet Home” the four sections are in the same key. In the wood 
pewee’s sentence likewise we have represented the four sections in 
the same key, E-flat; but the pewee makes small departures from the 
music as written, indicating that he has no perception of tonality. 
However, he certainly does perceive pitch and the four sections of 
his sentence are unified by their pitch relations; all four are com¬ 
posed of notes of the same pitch, to a certain extent; then in the 
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last section, B 2i the pitch goes lower than in any of the preceding 
three, thus giving the impression of finality. 

Now we shall speak of the contrasts between the four successive 
sections, especially the contrasts in the matter of finality. The vary¬ 
ing degrees of finality of the pewee’s four phrases were discussed 
in a previous section, and figure 5 represents the sentence 3132 with 
catchwords to illustrate the degrees of finality for the benefit of 
the nonmusical reader. What was said there in regard to the wood 
pewee’s music applies in many respects to the sentence from “Home, 
Sweet Home/ 1 and the following description will apply to both. 
Section A has a rising inflection (purely so in the pewee’s song, 
mainly so in “Home, Sweet Home”). Because of this rising inflec¬ 
tion, and because there is no “return to the starting-point,” (though 
there is a slight return at the end of section A in “Home, Sweet 
Home”) section A has no finality; it is an unfinished fragment 
of melody, which looks forward to something else to complete its 
meaning; in this sense it is a musical question. In section B x the 
inflection is partly downward, as if it were leading to the end of the 
melody—but at its last note it turns upward, thus reducing the 
amount of finality. It exhibits also the phenomenon of the return: 
in the wood pewee’s sentence, section B x returns, at its last note, 
to the pitch on which the section began; in “Home, Sweet Home,” 
section B 1 returns, at its last note, to the pitch of the first accented 
note of the sentence. Because of all these facts, section B 1 has 
some finality, but not complete finality; it is a half-cadence. Section 
B 2 resembles B x except in its termination; instead of turning up at 
the end, it continues downward. Because of its falling inflection it 
has complete finality, a whole-cadence; it completes the musical 
meaning, bringing the sentence to an end. The entire sentence may 
be summed up in popular language as follows: section A asks a 
question; section, B x gives an answer, but not a final answer; section 
A, the question, is then repeated; section B 2 gives a final answer, 
completing the sentence. 

Both in figure 10 and in figure 11, the sentence-structure is sym¬ 
metrical, well balanced. The sentence is composed of two “half- 
sentences,” respectively A B x and A B 2) which are of equal length 
and of similar but complementary construction. Each half-sentence 
is likewise composed of two equal but complementary sections. Th« 
sentence thus conforms to the principle of “dual balance” which is 
extremely prevalent in human music (Gurney, ’80, p. 132; Britan, 
'll, p. 40). 
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Both in the wood pewee’s sentence and in the sentence from 
“Home, Sweet Home,” the first section, A , presents a musical theme. 
Section B r presents a different but related theme, stimulating the 
hearer by its novelty. Section A is then repeated without variation; 
the repetition pleases the hearer by it$ familiarity, and its contrast 
with the preceding B Finally, section B is repeated, but with a 
different ending making it B 2 \ the hearer is pleased both by its 
similarity to and its difference from B lm The principle of dual bal¬ 
ance helps us to understand why 3132 is the most pleasing sentence 
in the wood pewee’s repertoire. All the other sentences run counter 
to this principle, more or less. The sentence 313132 has six sections 
instead of four. The sentence 1312 has four sections, and it is 
extremely pleasing; if the sentence 3132 has any rival it is this one, 
1312. * 

When Oldys (’04) discovered the technical perfection of this 
sentence, 3132, he exclaimed that the wood pewee sings a song 
which “judged by our own musical standards takes higher technical 
rank than any other known example of bird music,” We share his 
enthusiasm for the song of this species, but we do not agree with 
his implication that the songs of the most celebrated singers, such 
as the thrushes and the mockingbird, are inferior to that of the 
wood pewee. 

That is all we shall say at present concerning the wood pewee’s 
most perfect sentence, but we will append a remark on musical 
terminology. The musical sentence from “Home, Sweet Home,” 
quoted in figure 11, is composed of two half-sentences; each of these 
half-sentences is usually called a “phrase” (although, even in human 
music, the meaning-of the term “phrase” is somewhat in dispute) ; 
A B ± is called the “fore-phrase,” and A B 2 , the “after-phrase.” In 
this terminology, what we have called the wood pewee’s “phrases” 
would more properly be named “sections,” Thus we confess that 
our term “phrase,” as we have used it in the rest of our paper, is 
not strictly in accord with the use of that term in human music. 
Nevertheless, we shall continue to use it. Human music is composed 
of motives (or motifs), sections, phrases and sentences. It is im¬ 
possible to fit this terminology precisely to bird music. Hoffmann 
(’08) uses “motif” where we use “phrase,” but that usage is not 
entirely correct either. As for the term “sentence,” we have shown 
that the wood pewee’s sentence 3132 does conform, in many details, 
to the idea of “sentence” in human music, though it is a very simple 
sentence. Some of the wood pewee’s other sentences do not conform 
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so well. If these limitations are acknowledged, there can be no harm 
in continuing to speak of the bird’s “phrases” and “sentences”; these 
terms are very convenient. 

TENDENCIES IN THE RHYTHMIC SONG 

As mentioned before, the sentences are not deliberately composed 
by the bird; they are due to certain underlying tendencies. We shall 
describe first three tendencies which are clear and striking, then a 
few others on which we shall lay less emphasis. Each of the 
tendencies has an important influence upon the sentences and strings 
of sentences; the 'one which is most directly responsible for the 
sentences is the tendency to regular recurrence of the l’s, 2’s and 3's; 
but before we take up that one we must describe two others, begin¬ 
ning \vith the one which governs the tempo and rhythm of the song. 

Tendency to quick tempo and regular rhythm. For data on 
the tempo of the rhythmic song we are dependent upon the timed 
records. Only four of the timed records are complete; one of these 
is given in detail in record 5, and all four are represented graphically 
in figures 6-9. The seven other timed records, though they are in¬ 
complete, confirm the results obtained from these four complete 
records. Table 4 gives the minimum, maximum and average rate of 
singing, in the rhythmic song, for the four complete timed records. 


Table 4 

Data on the rate of singing in the rhythmic song 






NUMBER OF PHRASES 





PER MINUTE 

FIG- 







URE 

INDIVIDUAL 

DATE 

LOCALITY 

MINI- 

MAXI- 

A VET 1 - 





MUM 

MUM 

AGE 

6 

Saunder's 12 th 

12Je32 

Fairfield, Conn. 

29 

36 

32.26 

7 

Saunder's 13th 

25Je32 

Fairfield, Conn. ; 

20 

32 

27.5 

8 

Smith’s 5th 

12Jy32 

5Ag32 

Wells River, Vt. 

19 

27 

24.15 

9 

Smith’s 6th 

Wells River, Vt. 

20 

26 

22.92 




Averages 

22 


26.7 


Because of the continuity of the sound in the gliding phrases it 
seems necessary to assume that the entire phrase is sung with one 
expulsion of the breath. From this, and from other facts, we con¬ 
clude, tentatively, that at the height of the rhythmic song the Pewee 
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inhales and exhales only once for each phrase; his rate of singing is 
his rate of respiration. In table 4, it is probable that the lowest 
numbers do not represent the respiration rate, because they were 
obtained from inferior singing, in which a phrase was not sung with 
every breath. But the highest numbers, especially the 36 per minute, 
probably do represent the respiration rate at the height of the 
rhythmic song. 

This relation of the singing rate to the respiration rate helps to 
explain the form of the curve in figures 6-9. At the commencement 
of the rhythmic song the bird begins to sing a phrase with every 
breath, therefore the rate of singing rises sharply up to the respira¬ 
tion rate; it continues at the respiration rate (or almost so) until 
the termination of the rhythmic song, when the singer ceases to sing a 
phrase with every breath, and the rate of singing falls abruptly. 
Consequently, in our graphs, figures 6-9, the curve, instead of looking 
like a conical mountain or a rounded hill, has approximately the 
form of a table mountain, a mesa: a level plateau extending from 
the vertical rise at the beginning to the vertical fall at the end. How¬ 
ever, the plateau is not perfectly level; it always rises gradually to 
a maximum and then declines. The rise to the maximum indicates, 
probably, an actual increase in the rate of respiration as the singer 
“warms up” to his work. As for the decline from the maximum, 
it seems probable that the beginning of the decline is due to a decrease 
in the respiration rate, but the continuation of the decline is caused 
partly by the singer missing a phrase now and then, so that in the 
last part of the plateau, in some cases, the singing rate is slightly 
less than the respiration rate. 

The tendency to quick tempo is clearly a musical tendency. The 
quick twilight song is a continuous musical composition, whereas 
the slow daytime singing is not. We speak of the tempo of the 
twilight song as “quick,” but it is quick only by contrast with the 
leisurely daytime singing. It might he better to say that the twilight 
song has a standard tempo, whereas the daytime singing has no 
tempo at all, its phrases being disconnected. The standard tempo 
lays the foundation for the musical development of the twilight song. 
It provides the rhythmic form within which the other tendencies 
function, as we shall see when we come to consider the other 
tendencies. 

If the bird sings a phrase with every breath, then it is obvious 
that the tempo of the song is determined largely by the respiration 
rate. But it is probable that the reverse also is true, to a certain 
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extent, namely, that the requirements of the music influence the 
rate of breathing. 

Thus far we have spoken only of the tempo; now we shall speak 
of the rhythm. The rhythmic song (especially the main portion of it, 
before fatigue has set in) gives a distinctly rhythmic impression. 
The time interval from each phrase to the next is a constant. When 
an observer is making a record of the song he notices that the 
phrases come to his ear in apparently perfect tempo. This impres¬ 
sion is borne out by our graphs, figures 6-9, in. which (at the height 
of the rhythmic song) the curve for total phrases is a very smooth 
curve, showing that the tempo is highly constant. For example, in 
figure 8, in the 16 minutes from the 37th to the 52d minute, inclusive, 
the average rate is 25.5 phrases per minute, and the average deviation 
or “error” is less than one phrase per minute. Thus, in the matter 
of the time interval from each phrase to the next, the song exhibits 
a well-developed rhythm. In this sense it is unquestionably rhythmic. 

The rhythm of human, music is more complex than what we have 
just described. It is a regular recurrence of accented and unaccented 
notes (and rests) constituting a “meter” or “measure.” Is there any 
such meter in the wood pewee's rhythmic song? I am sure that 
there is some approximation to it and years ago, after careful listen¬ 
ing, I decided that the song could be best represented in % measure, 
as in figure 2. But as this problem can not be solved definitely with¬ 
out mechanical recording, I leave it for future investigators. 

Tendency to sing more 3’s when singing rapidly. Phrase 3 
occurs only when the pewee is singing at a rapid rate; and the faster 
he sings, the more 3's he sings. This tendency certainly lends itself 
to a musical interpretation. Phrase 3 is musically suitable for quick, 
continuous singing and phrases 1 and 2 for slow, discontinuous 
singing—for two reasons. The first reason is that phrase 3 has no 
finality, whereas phrases 1 and 2 each have distinct finality; phrase 
3 is forward-looking, not suitable for singing alone, whereas phrases 
1 and 2 are cadential, each suitable for being sung as a complete 
song in itself. The second reason is that phrase 3 is rhythmic, 
whereas phrases 1 and 2 are gliding, with no emphasis on rhythm. 
The difference between phrase 3 and the other phrases is a musical 
difference, which indicates that the tendency to sing more 3’s when 
singing rapidly is a musical tendency, not a simple mechanical one. If 
it had been found that phrase 3, which marks the bird's more rapid 
singing, was shorter than the other two phrases, that fact might have 
been attributed to the mere mechanics of the respiratory organs. But 
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phrase 3 is not shorter than the others. So far as one can judge by 
ear, the three phrases are essentially equal in duration. The contrast 
between phrase 3 and the gliding phrases is a musical contrast, and 
the tendency to sing more 3’s when singing rapidly is a musical 
tendency. 

Now we shall present three lines of evidence proving the existence 
of the tendency to sing more 3's when singing rapidly. 

First, there is the contrast between the pewee’s leisurely style and 
his rhythmic style of singing. The daytime singing is in the leisurely 
style; it has a slow rate, about six phrases per minute and it con¬ 
sists of phrases 1 and 2 only, without phrase 3. The twilight song 
proper is in the rhythmic style; it has a rapid rate, from 20 to 36 
phrases per minute, and it consists of all three phrases, the 3 J s being 
regularly introduced between the Vs and 2’s. The prelude and the 
postlude of the morning twilight song present gradations between the 
two styles; in the prelude, as the rate becomes rapid, phrase 3 is 
gradually introduced; in the postlude, as the rate becomes slow, 
phrase 3 is gradually dropped out. These facts all go to prove that 
phrase 3 occurs only when the pewee is singing at a rapid rate, 

The question should be asked: Where precisely is the dividing 
line between the “slow” rates at which the pewee does not sing phrase 
3 and the “quick” rates at which he does sing phrase 3? Figure 12, 
a composite graph, which we are going to discuss presently, offers 
an answer to this question, for in that figure the curve of the 3 J s 
is apparently a straight line and if you lay the edge of a ruler along 
this straight line, it crosses the base line between numbers nine and 
ten, indicating that phrase 3 begins to be sung when the rate reaches 
ten per minute. It is true that figure 12 shows phrase 3 occurring 
when the rate is only six; but this appearance is deceptive. The 
data include only two cases of a rate of six per minute: in one case 
there were no 3’s; in the other case (Sin5: 12Jy32) there were two 
3’s, but it happened that during this “minute” the twilight song came 
to an end; the pewee sang the six phrases in the first 20 seconds 
(approximately) of the “minute,” then was silent. (I see now that 
in compiling the data I ought to have thrown out that minute.) This 
illustrates the fact that our question can not be answered by con¬ 
sidering any one record alone, because the bird may change his rate 
of singing between the beginning\ and the end of any minute as timed 
by the clock. Our question is best answered by the composite graph 
and the graph indicates that the pewee begins to introduce phrase 3 
when his rate of singing reaches ten per minute. 
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We shall now turn to the second line of evidence bearing on the 
general tendency to sing more 3’s when singing at a rapid rate. This 
second line of evidence comes from the variation of the rate within 
the rhythmic portion of the twilight song. 

In the rhythmic song, as the rate of singing increases, the fre¬ 
quency of the 3’s increases more rapidly than the frequencies of the 
l’s. and the 2’s, This is shown clearly in figures 6-9, each of which 
represents one morning twilight song. We have time graphs, more 
or less incomplete, for four other songs. All show the same 
phenomenon. 

We shall turn now to the third line of evidence, namely, that from 
the differences between individuals. The question is: Do the indi¬ 
viduals who sing fastest sing the highest proportion of 3’s ? In order 
to find an answer to this question, I made a correlation table of 
records from 29 individuals, all that were suitable for this purpose. 
The calculation gives i—-j-.61rir.062. This is a good correlation 
mathematically ; but since most of the records used were of the non- 
timed variety, the data can not be regarded as very accurate. 

Figure 12 gives the most striking evidence for the tendency to 
sing more 3’s when singing fast. It is a composite graph, based on 
all the timed records which could be used for this purpose; it repre¬ 
sents a total of 179 minutes of singing. The data in it involve all 
three lines of evidence which have been mentioned before; namely, 
the contrast between the leisurely and the rhythmic styles of singing, 
the variations within the rhythmic song and the differences between 
individuals. The graph shows that as the rate of singing increases, 
the frequencies of the l’s, 2’s and 3’s all increase, but the increase 
in frequency of the 3’s is far greater than that of the l’s or the 2’s. 
In fact, the curve of the 3’s rises so steeply and so steadily, it gives 
a clear demonstration of the tendency to sing more 3’s when .singing 
at a rapid rate. 

Tendency to regular recurrence of the l’s, 2’s and 3’s. In the 
rhythmic song, each of the three phrases tends to recur as regularly 
as possible. The meaning of this statement will now be explained in 
detail. 

When the wood pewee sings the sentence 3132 in a long string, 
the record of it runs thus 313231323132 and so on. In this string, 
as you can see, there are always three phrases sung between a 1 and 
the next following 1. There are always three between a 2 and the 
next following 2. There is always one phrase, and one only, between 
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a 3 and the next following 3. In this string, therefore, the recurrence 
of the Ts, 2’s and 3 J s is perfectly regular. The same is true of 
strings of the following sentences: 12, 1312, 312, 132. 

In strings of certain other sentences the recurrence of the Ts, 2’$ 
and 3’s, though not perfectly regular, is as regular as it could be 
without changing the percentage of l’s, 2’s and 3’s in the sentence. 
This is true of strings of the following sentences: 31312, 13132, 
313132. 3133132. 

This last sentence, 3133132, is of special interest, and deserves a 
special explanation. It is not sung by all individuals; it reaches its 
fullest development in the songs of Yanney’s First individual. Pro¬ 
fessor Yanney recorded seven twilight songs by this individual; two 
of the records are reproduced in records 6 and 7. The records show 
that every morning this singer devoted the first half of his com¬ 
position chiefly to the sentence 313132, in which, as you see, the 
proportion of 3’s is SO per cent. But in the last half of the song the 
proportion of 3’s always rose above SO per cent (see page 66). 
This necessitated a repetition of one of the 3’s in the aforementioned 
sentence. By repeating the middle 3, the bird developed the new 
sentence 3133132; in strings of this sentence, the recurrence of the 
2’s is perfectly regular, and the recurrence of the Vs and the 3\s 
is the most regular possible. If, instead of repeating the middle 3, 
the singer had repeated the first or the last 3 in the sentence 313132, 
the result would have been 3313132 or 3131332, and in a string of 
either of these sequences the recurrence of the l’s would have been dis T 
tressingly irregular. 

In all strings, in the songs of all individuals, the recurrence of the 
l’s, 2 J s and 3’s is the most regular possible. Of course, irregular 
sequences are found here and there in every record; 'but their mode 
of occurrence is such that they may be regarded as imperfections 
or errors in the bird’s composition; they occur singly, they are not 
repeated, they do not form strings. The reader *can verify these 
statements for himself, in the eight complete records, records 4-11, 
and in the record published by Allard (’34). 

Theoretically we may say that the ideal twilight song would con¬ 
sist solely of strings of regular sentences. This ideal is almost 
achieved by Woerner’s Third individual, as shown in record 4, the 
only record we have from that individual. In the composition 
there represented, the rhythmic song consists of 362 phrases (from 
the 33d through the 394th). Of these 362 phrases, only eight are 
“odd phrases,” not included within the regular sentences. In other 
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words, 97.8 per cent of the phrases are in regular sentences. Further¬ 
more, 94 per cent of the phrases are in strings of sentences. The 
attainment of this nearly ideal condition was perhaps made easier 
for that singer by the fact that he devoted almost his entire song to 
one predominating sentence. 

The compositions of Yanney's First individual are still more 
remarkable inasmuch as he sings long strings of two different 
sentences. We described his two predominant sentences just a mo¬ 
ment ago. In all his morning twilight songs the first half of the 
composition is devoted to strings of one sentence, 313132, and the 
last half is devoted to strings of a different sentence, 3133132. There 
are a few other individuals whose morning twilight songs show a 
similarly remarkable development of one sentence in one portion of 
the composition and of a different sentence in another portion of 
the composition. Record 8, a record from Rickett's Sixth individual, 
furnishes an example. 

At the opposite extreme there are individuals whose songs exhibit 
a dearth of strings, as in record 5, the record of a song by Saunders's 
Thirteenth. There are some good long strings in the beginning of 
the record; but in the greater part of the record, from the 217th 
phrase to the end, there are no long strings. Yet even in this latter 
part of the record the l's, 2’s and 3's recur with very considerable 
regularity. Thus, ev^n in the songs which are poorest in strings it 
is still true, throughout the rhythmic portion of the twilight song, 
that the l's, 2's and 3's recur with considerable regularity. 

The tendency toward perfect regularity is found only in the 
rhythmic portion of the twilight song. In the prelude, the postlude 
and the daytime singing, phrase 3 is absent, and there is no perfect 
regularity in the recurrence of the l's and 2's. Indeed, the regular 
recurrence is attained best when the rhythmic song is at its highest 
level. Toward the end of the rhythmic song the regularity is likely 
to 'be less perfect. 

A corollary from the tendency to regular recurrence may be stated 
as follows. As a general rule, in the rhythmic song, phrase-1 is never 
followed immediately by another phrase 1, phrase 2 is never followed 
immediately by another phrase 2, and phrase 3 is followed imme¬ 
diately by another phrase 3 only when this is necessary because the 
3's constitute more than SO per cent of the phrases. Violations of 
this rule occur occasionally in the songs of most individuals; but 
they are always imperfections, as for example, when something has 
disturbed the bird in his singing. When a good singer is in the full 
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swing of his twilight song he never repeats phrase 1 or phrase 2, 
and he very rarely repeats phrase 3 (except when the 3’s constitute 
more than 50 per cent of the phrases). F. Test’s First individual 
(records 10, 11) often repeats phrase 1, but this is “necessary” in 
his case because the Fs constitute more than 50 per cent of the 
phrases; his songs are peculiar in that respect. In the songs of many 
individuals, near the end of the composition, when the twilight song 
proper is sagging down toward the condition of the postlude, there 
may be repetitions of phrase 1; but usually there is a long rest 
between the two Fs, therefore this is not a violation of the rule as 
stated. It, is because of such considerations as this, that every 
observer is asked to put a dash in his record whenever there is a 
long rest between phrases. 

The regular recurrence of the’ Fs, 2’s and 3’s is essential to the 
beauty of the rhythmic song. It gives the song a musical structure 
which we described in detail when we discussed “the pewee’s most 
perfect sentence.” Such regular recurrence is one of the fundamental 
features of all works of art. Indeed, the regular recurrence in the 
wood pewee’s song is of very great interest from the esthetic stand¬ 
point. It will appeal strongly to musicians. It is an example of “the 
avoidance of repetition,” which is important in art and well known 
in psychology (Heathers, ’40). Physiologists will think of it in 
terms of nervous phenomena such as the “refractory phase” and the 
“rebound”; such nervous phenomena probably have much to do with 
human music and works of art in general, as has been suggested 
by Dodge (’27,’33). 

The tendencies of the Fs and the 2’s. A complete account of 
the tendencies must necessarily include the tendencies of the Fs and 
the 2’s toward certain frequencies and certain changes of frequency. 
We shall say very little about these tendencies, except to point out 
that they can be seen at a glance in some of the graphs (figures 
6-9, 12) and tables (tables 2, 3, 6). 

In the daytime singing, phrase 1 is far more frequent than phrase 
2, the ratio between them being about 3.4 to one (whereas in the 
rhythmic song it averages only 1.7 to one). One reason for the great- 
frequency of phrase 1 in the daytime is, no doubt, that it is most 
useful as a territory song because it is very distinctive, very different 
from the songs of other species of birds; evolution and natural 
selection have favored those males who called pee-ah-wee, pee-ah-wee 
all day long. We believe that the daytime singing serves largely as 
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a territory song, and it is, to that extent, governed hv the laws of 
practical utility; but the rhythmic song is governed more purely by 
tlie laws of music. 

In the rhythmic song, the frequencies of the l’s and the 2’s are 
just about enough to form the regular sentences. Since phrase 2 
has the most finality, it ought (from the musical standpoint) to be 
the least frequent of the three phrases, and our data show that it 
actually is so. The proportion of 2’s, at its highest, never rises above 
33 Yz per cent in any passage in the rhythmic song of any individual. 
At its lowest, in the songs of some individuals such as Mrs Lean’s 
Second (record 3), the proportion of 2’s is too low to form good 
strings of the regular sentences. But even in these individuals the 
dearth of 2’s is not extreme: in no song do the 2’s constitute less than 
one-seventh of the total phrases. 

When discussing the tendency to regular recurrence of the l’s, 
2’s and 3’s we mentioned a corollary, which may be restated here: 
In the rhythmic song, as a general rule, phrase 1 or phrase 2 or 
phrase 3 is not repeated without a different phrase intervening. Now, 
from the same tendency to regular recurrence, together with the 
fact that phrase 2 is the least frequent of the three phrases, we may 
draw a new corollary: In the rhythmic song, as a rule, phrase 2 is 
not repeated until at least tzlio other phrases have intervened. This 
rule is illustrated (though with an occasional exception) in all the 
records. It is illustrated also in table 3, which shows that in the 
strings of regular sentences there are from two to six other phrases 
between repetitions of phrase 2. The sentence 12 is not an exception 
to our rule as stated, because strings of this sentence do not occur 
in the rhythmic song. 

Prevalence of 50 per cent of 3’s. We do not claim that we 
are able to give a complete list of the tendencies in the morning 
twilight song; on the contrary, we expect that future researchers 
will add other tendencies and will perhaps reformulate those which 
we have described. There is just one possible addition to the list 
which we wish to discuss now, and we shall show why we have not 
added it as a separate tendency. The facts regarding it are so promi¬ 
nent, they demand some sort of explanation and we shall therefore 
discuss them carefully. 

There is a great preponderance of 50 per cent of 3’s in the morning 
twilight song. This is found, in the first place, in a study of the 
sentences and strings. By Jar the commonest sentence is 3132, with 
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its 50 per cent of 3*s. A large proportion of all our records are com¬ 
posed mainly of this one sentence; for example, the record from 
Woerner’s Third (record 4), the 1930 record from Rickett's Sixth 
(record 9) and, to a less extent, the record from Saunders's Thir¬ 
teenth (record 5). The table of the principle sentences and strings 
(table 3) illustrates the fact that by far the longest strings and the 
greatest number of long strings are those of the sentence 3132. 
Moreover, there is another sentence with 50 per cent of 3’s, namely, 
313132, and it also is very common. 

The preponderance of 50 per cent of 3’s is found also in a study 
of the maximum percentage of 3’s in each morning song. The 
maximum percentage of 3’s is a better measure than the average 
percentage of 3’s in the song, for two reasons: It can be measured 
more accurately, and it represents the song at its acme, its highest 
development. The measurement used is the maximum percentage of 
3’s found in any 100 consecutive phrases. The measurements of the 
maximum percentage of 3’s for 52 individuals (that is, all the indi¬ 
viduals for whom we have at least one complete record) are tabulated 
in table 5. The tabulation reveals a great preponderance of 50 per 
cent of 3’s: half of the 52 cases are concentrated between 47 per 
cent and 51 per cent; a quarter of the 52 cases fall at exactly 50 
per cent. 


Table 5 

Individual differences in the maximum percentage of 3’s in the morning 

twilight song 


MAXIMUM 

PERCENTAGE 

OF 3’s 

j 

NUMBER OF 
INDIVIDUALS 

MAXIMUM 

PERCENTAGE 

OF 3’s 

NUMBER OF 
INDIVIDUALS 

44 

1 

58 

1 

43 

2 

57 

none 

42 

1 

56 

1 

41 

2 

55 

none 

40 

4 

54 

2 

39 

1 

53 

none 

38 

none 

52 

1 

37 

2 

51 

2 

34-36 

none 

50 

13 

33 

2 

49 

2 

31-32 

none 

48 

3 

30 

1 

47 

7 

26-29 

none 

46 

2 

25 

1 

45 

i 

1 
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How shall we explain this great preponderance of ’50 per cent of 
3’s? In a passage containing 50 per cent of 3’s, if the tendency to 
regular recurrence is functioning perfectly, there is an alternation 
of phrase 3 with a gliding phrase, either phrase 1 or phrase 2, as in 
the sentence 3132 or the sentence 313132. 

Allard (’34, p. 273) says of tbe wood pewee: “I am inclined to 
believe that its most perfect musical technique is shown when the 
glides, either l’s or 2’s, alternate with the non-gliding 3’s.” And on 
page 272 he says that this alternation seems to represent “the purest 
expression of the typical twilight song of the wood pewee/’ Now 
we shall ask: Has the wood pewee a special tendency toward just 
this kind of alternation? Has he a specific tendency to alternate 
the rhythmic phrase (phrase 3) with a gliding phrase (phrase 1 or 
phrase 2) ? We shall not answer this question with a positive yes or 
no. But we shall present the facts which bear on it. One reason for 
disbelieving in such a tendency is that about half of all the indi¬ 
viduals act contrarily to it, by singing either distinctly less or dis¬ 
tinctly more than 50 per cent of 3’s, as shown in table 5. 

The evolutionary history needs to be mentioned in this connection. 
We believe that our wood pewee is descended from a form which 
had only two phrases, corresponding to phrase 2 and phrase 3. Now, , 
some one might think that in that ancestral form there was a simple 
alternation, 323232 and so on. But the evidence is against this sup¬ 
position, because the western wood pewee, which we take to repre¬ 
sent the ancestral species, sings commonly two rhythmic phrases 
alternating with one gliding, so that if we used our “3” and “2” 
for the phrases of that species the order would be 332332. Thus 
the phylogenetic history, so far as known, does not favor the belief 
in a specific tendency to alternate a rhythmic phrase with a gliding 
one. 

There is another possible way of explaining the prevalence of 50 
per cent of 3’s: In the rhythmic song there is always a tendency to 
sing at a quick tempo. As the rate of singing becomes faster and faster 
there is a tendency to sing a higher and higher proportion of 3’s, 
When there is any tendency for the proportion of 3’s to become 
higher than 50 per cent, this tendency meets resistance because it 
would necessitate singing two 3’s in immediate succession. In con¬ 
nection with the tendency toward a regular recurrence of the l’s, 
2’s and 3’s and its corollary (page 61) there is probably a tendency 
not to sing two 3’s in succession, as there is certainly a tendency not 
to sing two l’s or two 2’s in succession. In table 5 are found thirteen 
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individuals with maximum proportion of 3 J s at SO per cent. Probably 
some of these individuals had an urge to sing more than SO per cent 
of 3's, but they were stopped at exactly 50 per cent by the resistance 
which has been mentioned. (The same explanation applies to the 
14 individuals who sang 46 per cent to 49 per cent of 3’s, because 
each of these individuals sang 50 per cent of 3's a considerable part 
of the time, although he did not sustain it through 100 consecutive 
phrases.) It is thus possible that the extremely frequent occurrence 
of the sentence 3132 (also 313132) may be explained by the com¬ 
bined action of three different tendencies, namely, the tendency 
toward quick tempo, the tendency to sing a higher proportion of 3's 
when singing rapidly and the tendency not to repeat phrase 3 (or 
any other phrase) without a different phrase intervening. 

Relations of the tendencies. In discussing the relations of the 
tendencies we shall speak first of their relations to the sentences. 
In our account of the tendency to regular recurrence of the Ps, 2’s 
and 3’s we pointed out that this tendency goes far to explain the 
sentences; if you write a string of any of the sentences mentioned 
in table 3, you will find that the recurrence of the Ps, 2’s and 3’s 
is either perfectly regular, or it is as regular as it could be without 
changing the percentages of the Ps, 2’s and 3’s. Since the tendency 
to regular recurrence applies equally to all the sentences, it can not 
explain why there is a variety of sentences and it can not explain 
why the wood pewee sings one sentence rather than another at a 
given time. But the other tendencies do explain these facts and it is 
thinkable that the sentences are explained completely and thus 
"explained away” by the tendencies. 

For example, in the record from Saunders's Thirteenth (record 
5) you notice that the bird devoted the first part of his song chiefly 
to strings of 3132, but' toward the end he changes to 13132. This is 
explained by the fact, which can be seen in the graph (figure 7), 
that toward the end of the song the frequencies, of the 3's and the 2’s 
gradually decreased while that of the Ps remained constant. 

Another example: Yanney’s First always devoted the first part 
of his morning song to strings of 3132 and 313132, but the latter 
part to strings of 3133132 (as mentioned before, page 60, and 
shown in the records, records 6 and 7). This change in the sentences 
can be explained by the gradual increase in the percentage of 3's 
(which can be seen in the "curve of the 3’s” in records 6 and 7). 
And similarly in all the records from all individuals, the sentences are 
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found to be a function of the curve of the 3\s (and also of the curves 
of the 1’s and the 2’s), 

Thus it is possible that the sentences are completely explained by 
the tendencies. If this were all the evidence, we might suspect that 
the pewee had no knowledge of the sentences which he sings. But 
the question of his awareness of the sentences must be postponed 
until we discuss the “Evidence of memory/’ 

We shall now speak of the relations of the tendencies to each other. 
It is obvious that all the tendencies are interrelated. To a great 
extent, the various tendencies reinforce each other or work har¬ 
moniously together; as, for example, at the beginning of the twilight 
song proper, when all three phrases increase in frequency and all 
come to be sung in a regular rhythm. 

On the other hand, there is probably a good deal of competition 
between opposing tendencies, and in some cases this can be detected. 
An example was mentioned in our discussion of the prevalence of 
50 per cent of 3’s: probably many individuals, when singing their 
fastest, have a tendency to sing more than 50 per cent of 3’s, but this 
tendency is inhibited by the tendency to avoid singing two 3’s in 
immediate succession. 

The course of the twilight song is a moving equilibrium in which 
there is a constant interplay of different tendencies, with both re¬ 
inforcements and oppositions. For example, in each of the long 
strings (table 3), in which the same sentence is repeated without 
error for a whole minute, two minutes and even eight or nine minutes 
continuously, there must be a delicate equilibrium, a delicate balance 
between the several tendencies which are at work. 

Nature of the tendencies. Our formulations of the tendencies 
are merely empirical generalizations and we make no attempt to 
present a complete list of them. But our study has brought out 
certain points concerning the nature of the tendencies and we shall 
give a brief indication of these as follows. 

Each of the tendencies is mathematical Each concerns the mathe¬ 
matical relations of the phrases to each other. Our formulations of 
all the tendencies mention nothing except the three phrases, their 
frequencies and their order of succession. 

This leads on naturally to our next point, which is that the twilight 
song is autonomous: its pattern is determined by its own internal 
laws. In describing it we have not referred to any supposed practical 
utility: we have had no need to mention sexual selection, and as 
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for the territory theory, we have pointed out that whereas the 
daytime singing functions as a territory call, the twilight song prob¬ 
ably does not; at least, the territory theory can certainly not explain 
the structure of the twilight song. The order of succession of the 
phrases is determined by the character of the phrases themselves 
and their relation to each other. In other words, the succession of 
phrases is formal and this is one bit of evidence indicating that the 
twilight song is a work of esthetic art. 

Each of the tendencies contributes to the beauty of the twilight 
song. Each tendency conforms in its own way to the rules of music 
and of art in general. In this sense, each of the tendencies is musical . 
This statement is clearly true of the tendency to quick tempo and 
regular rhythm, the tendency to sing a greater .proportion of 3's when 
singing rapidly, the tendency toward certain moderate frequencies of 
the 2's and the Ts, and the tendency toward regular recurrence of 
the Ts, 2’s and 3's. 

Although the twilight song is thus artistic and musical, there are 
obvious reasons for believing that it is not highly conscious. The 
structure revealed in the graphs (figures 6-9), the gradual changes 
in the frequencies of the three phrases, could not possibly be planned 
by the singer. The course of the twilight song is a moving 
equilibrium , as mentioned above. (I do not use this term 
“equilibrium” in its physical sense; the really correct term would be 
“homeostasis” (Cannon, *39).) Each of the tendencies is a tendency 
coward an equilibriunj. The tendencies toward certain equilibria 
in the act of singing are analogous to certain physiological tendencies 
toward homeostases or norms. A familiar example is the temperature 
control of the body, in which many factors are delicately balanced 
against each other to keep the internal temperature “normal.” Pratt 
(’31, p. 85) says: “Various lines of evidence point to a close affinity 
between certain aesthetic principles and the general biological prin¬ 
ciple of equilibrium.” 

Our interpretations of the twilight song are thus of two sorts 
and the relation between the two seems somewhat paradoxical. On 
the one hand, the song is like a physiological process; it is a kind 
of growth, which must be largely unconscious. On the other hand, 
the song is true music; there is evidence that the wood pewee has 
the beginnings of musical taste and that he aims at each phrase and 
aims at the succession of phrases with some .awareness of the melody 
which he is singing. 

As to the solution of this paradox we shall make only one sug- 
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gestion, and it is this: The wood pewee’s awareness of his own 
music is concentrated chiefly on the one phrase which he is singing 
at a given moment; his awareness probably extends, more dimly, 
over a very few phrases in succession; he certainly has no clear 
perception of the twilight song as a whole. But the paradox still 
remains (indeed it is found in human life as well as in animal life) 
and we shall make no attempt to solve it completely. On the one 
hand, the twilight song is true music; it is esthetic art. On the 
other hand, it is a growth, a physiological process. In the remainder 
of our paper, these two interpretations will both be developed further. 

Rhythmic song versus leisurely singing. We shall now give 
an account (in part a summary of what has been said before) of 
the contrasts between the rhythmic song and the leisurely singing. 
The leisurely singing includes the daytime singing and the prelude 
of the morning twilight song, also the postlude of the morning 
twilight song, which in many instances is merely the beginning of 
the daytime singing. 



Figure 13 Frequency polygon of the rates of .singing in the morning twi¬ 
light song. I-Iorizontal dimension: rate of singing (number of phrases 
per minute). Vertical dimension: number of cases. This graph is based 
on all the timed records that could be used: 9 records from 5 individuals. 

Figure 13 presents graphically our data on the rate of singing in 
the morning twilight song. The data on which this figure is based 
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are identical with those used for figure 12; they consist of the 
measurements of the rate of singing (number of phrases per minute) 
in nine morning twilight songs, the total number of minutes being 
179. The fact which we wish to discuss now is that these data form 
two distinct curves, which we have marked respectively A. and B 
in the figure. It is clear that curve A represents the slow singing 
in the prelude and the postlude, whereas curve B represents the 
quick singing in the rhythmic song. The separateness of the two 
curves is striking. B is clearly a bell-shaped curve; probably a mathe¬ 
matician would find that it is a good case of the “normal frequency 
curve” (sine curve, Gauss's curve). A also is somewhat bell-shaped 
and if we 'had data from a much larger number of timed records 
we should probably find that the shape of curve A is very regular. 
At the dividing line between the two curves, the number of cases 
falls down to zero. 

All this shows that the wood pewee keeps his two styles of singing 
separate from each other. He tends to sing definitely in his quick, 
rhythmic style or definitely in his slow, leisurely style and not in 
an intermediate between the two. The two styles tend to be mutually 
exclusive. 

(It is possible that the gap between the two curves should be even 
wider than is indicated in figure 13. For example, the figure indicates 
that there was one minute during which a pewee sang at the rate of 
17 phrases per minute. But the original record (Sal3 :19Je32) shows, 
by careful use of dashes, that during that minute he sang eight 
phrases in quick tempo and nine phrases in slow tempo.) 

The distinctness of the two styles of singing is illustrated further 
by the fact that the twilight song proper always begins more or less 
suddenly, as shown in the graphs of four morning twilight songs, 
figures 6-9. Apparently the most sudden change comes when the 
bird begins to sing a phrase with every breath. The reverse change, 
at the end of the twilight song—the decline from the quick to the 
slow rate—is also somewhat sudden in every case and there are some 
individuals who end the song abruptly. It must be admitted, however, 
that at the ends of some twilight songs the decline from the quick 
to the slow rate is more or less gradual and that during the decline 
the singing may be, for a short time, intermediate between the 
rhythmic and the leisurely style; but even in these instances the 
incompatibility of the two styles is in evidence, because the singing 
is irregular and to some extent it oscillates, falling down into the 
leisurely style and rising again into the rhythmic style. 
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The difference between the rhythmic style and the leisurely style 
is of course far more than a mere matter of speed. Our entire study 
of the twilight song is needed, to show the differences between the 
two. Table 2 is an attempt to sum up the differences between the 
rhythmic song and the daytime singing. No doubt, further research 
will discover additional differences between the two. For example, 
we shall point out later (under “Variation of the phrases”) that in 
many cases, when he changes from his rhythmic song to his leisurely 
singing, the wood pewee makes a certain alteration in the melody 
of phrase 1; but the alteration seems to be different in different 
individuals, and it is not found in all individuals so far as we know. 

We have spoken many times of the acceleration or warming-up 
at the beginning of the rhythmic song. During this warming-up 
there is an introduction or an increase of each of the items mentioned 
in the first column of the table: introduction of phrase 3, increase 
in the frequency of the 2’s as compared with that of the l’s, and 
so on. Thus the warming-up is not a mere acceleration, it is a 
development. This statement is in harmony with our view of the 
song as a kind of growth. Moreover, this development presents a 
certain unity; while each of the particular tendencies is working 
toward its own equilibrium, the progress of the song as a whole is 
also an equilibrium, a total equilibrium which pursues its own steady 
course. 

Now, having worked out these ideas for the rhythmic song, we 
can apply them also to the leisurely singing. The slow prelude of 
the morning twilight song is a growth, with its own tendencies toward 
certain norms. The daytime singing also is a growth toward certain 
norms; it is a physiological process, tending toward equilibrium. 
Figure 13, together with the other evidence which we have men¬ 
tioned, indicates the wood pewee’s two styles of singing, his rhythmic 
style and his leisurely style, are two stable equilibria: When the 
songster is singing rhythmically at a rate of about 27 phrases per 
minute he is in stable equilibrium and tends to continue singing at 
the same rapid rate; when he is singing nonrhythmically at a rate of 
about six to eight phrases per minute he is then also in stable 
equilibrium and tends to continue singing at the slow rate; but when 
(if ever) he is singing at a rate of 16 or 17 phrases per minute he 
is in unstable equilibrium, and it may be predicted that he will change 
either into his rhythmic style or into his leisurely style. 

A record of daytime singing can be seen in record 12. As you 
look at this record, your first impression is that the distribution of 
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the 2’s among the Ts is very irregular. But when the ratio of the 
number of l’s to the number of 2’s is calculated for every 100 con¬ 
secutive phrases, a good deal of constancy is found, both in consecu¬ 
tive passages by the same individual and in a comparison of records 
from different individuals. In several records of the daytime singing, 
with a total of 3034 phrases, we find that the average ratio of the 
number of l’s to the number of 2’s is 3.4 to 1; this is exactly twice 
the average found in the rhythmic song. 

(5.04 pan.) 1211111211212111211 (5.07 p.m.) 21112111112112 
(5.10 p.m.) 11 - '211111212111212111 (5.13 p.m.) 2111121112111 
2111112111121112111211211111211111211 (5.20 p.m.) 11 (Stopped. 
Commenced again at 5.24 p.m.) 1112111121112111111111211211121 
- 1121112 - 11121 - (rest, one minute) 111211211211112 

Record 12 Record of daytime singing. A small part of a record made by 
Mrs Anna E. MacLoghlin near the Lake of Bays, Canada, 45°15'N., 79°2'W., 
June 15, 1926. 

THE EVENING TWILIGHT SONG 

Before commencing our narrative account of the evening twilight 
song we need to describe phrase 4, which is used in the evening but 
not in the morning twilight song. Mr Saunders, on his record of 
the evening song, June 12, 1926 (record 13) described it thus: 
"Phrase 4 is an upward slur, 'ahwee’—the last two notes of phrase 
1 exactly.” (See also his “Guide to Bird Songs,” ’35) Mr Smith 
on one of. his evening records, gave essentially the same description 
of phrase 4: “abbreviated phrase 1, first note omitted.” Figure 14 
represents it in graphic form. 



In Orono, Maine, I heard often a phrase intermediate between 
phrase 4 and phrase 1: it was a typical phrase 4 except that it began 
with a quick downward slur, Mr Smith made the same observation 
on his Second individual in Wells River, Vt., for he described 
its phrase 4 thus: “An abbreviated phrase 1, in which the first note 
was wholly omitted or very slightly sounded.” 
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Phrase 4 constitutes a great part of the evening twilight song, but, 
as we shall see, it does not constitute part of the rhythmic song, 
either morning or evening. It was recorded by Mr Saunders in the 
postlude of one morning song (Sal3: 19Je32) and in a few cases it 
was apparently heard in the postlude by other observers. There is a 
concurrence of evidence that in the early part of the season Phrase 4 
is almost confined to the evening song; but in late summer it may 
be heard a good deal in the afternoon and may occur in any part of 
the daytime singing. Bagg and Eliot (’37) speak of it as the autumn 
song. 

Perhaps phrase 4 is a variant df-phrase 1 due to fatigue after long- 
continued singing; but it is stereotyped, being the same in all indi¬ 
viduals. The following characteristics of phrase 4 look like symptoms 
of fatigue. First, as to form, it is an abbreviation of phrase 1. 
Secondly, it is sung only at times when the bird is more or less 
fatigued by long-continued singing; as, in the evening, or in the post¬ 
lude of the morning twilight song, or in late summer as contrasted 
with early summer. Thirdly, it' occurs only in the leisurely singing, 
not in the rhythmic song. It does occur in the evening between two 
periods of rhythmic singing, but probably only when the singer has 
fallen away from his quick tempo and regular rhythm. Fourthly, 
as we shall see in our narrative of the evening song, phrase 4 is re¬ 
peated again and again with no other phrases intervening; this looks 
like the monotonous repetition which is well-known to psychologists 
as a symptom of fatigue. 

I regret that in the directions for making records which I sent to 
the observers, I did not mention phrase 4. I had thought of it as 
a variant of phrase 1. Consequently, in making records of the evening 
song, the observers confused phrase 4 with one of the other phrases 
(sometimes phrase 1, sometimes phrase 3). Fortunately, Mr Saun¬ 
ders knew that phrase 4 was a distinct phrase and he recorded it as 
such in his records of the evening twilight song. I must confess also 
that we have not many records of the evening song because I made 
a mistake in not asking for more of them. 

Fortunately, however, we have 17 records of the evening twilight 
song from ten individuals and these are enough to give a good funda¬ 
mental idea of it. The data in these records are summarized in table 
8. Besides these records we have additional data on the evening song 
from Mrs Nice and from Professor Rickett. 

(Arrive 7.08 p.m. No bird in hearing.) (7.17 p.m. Bird at dis¬ 
tance) 1-1-1-4-1-2-1-1-1- (Bird is now at perch) 
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-4-4-4-1-2-2- 132 3132 132 3132 3 - 1 - 2 - 1 - 2 - 1 - 1 - 
16th 31st 

1-4-4-4-1-1-1-1-2-1-42 132 (3132 four times) 

49th 

3 1 - 3132 312 3132 31312 3132 (Stopped. Three minutes. 7.25 p.m.) 
(ten 4’s) -1-4-4-4-1-2-4-1-1-2-1-4-1-2- 

90th 100th 

1-1-4-1 - 2-1-4-4-1 - 4- 4- 4-1 - 1 - 2-1 
-2-1 - 2-1 -4-4-1-2-2-1-4-1-2 - 1- 
x 2 3132 3132 -1-2-1-1-4-4-1-1- (eight 4 ? s) - 2 - 1 - 1 
144th . 162d 

(Stopped 7.36 p.m. Four minutes.,) 2 - (twelve 4’s) - 2 - 1 - 

174th 

(twenty 4’s) - 1 - (nineteen 4’s) -2-1-1-1-4-4-4-2 
188th 209th 

- 1 - (1 - 2 - four times) 1 - x - 2 -132 (3132 seven times) 3 1 x 

248th 

2 3132 3132 - 1 - 1 - 1 (Stopped. 7.47 p.m. Three minutes.) 
291st 

(twenty-four 4’s) - half-minute rest - (eighteen 4 5 s) - 2- 4- 4- 4- 
294th ^ 318th 

forty seconds’ rest - 2 - two-minute rest - x - three-minute rest - 
2 (Stopped. 7.59 p.m. I wait till 8.07 p.m. No further sound.) 

342d 

"At 7.47 p.m. it began to* rain gently. The x phrase (144th, 246th, 
341st) was "a low-pitched note, slightly slurred down on the end. It 
is the same pitch as the first note of phrase 3, and sounds as if the 
bird made an attempt to sing phrase 3 and gave it up.” 

Record 13 Record of evening twilight song by Saunders’s First, Fairfield, 
Conn., June 12, 1926. 

(I arrive, 7.17 p.m. The bird is singing the daytime song at a 
distance, not at its regular perch.) (7.36 p.m. Have not heard the 
bird for five minutes.) (7.47 p.m.) (eighteen 4’s) - 2- 4- 4-1- 

lst 

4 - 4 y y y 1 4 2 3 - 12 3 1 3 1312 3 1 3 1 x 3132 3 1 3 (7.50 

25th 

p.m. Stopped. The bird was not on its regular perch, but some 50 
feet from it.) (7.52 p.m.) 2-1-1-1-1-2-1-1-1-2 (7.53 

50th < 59th ^ 

p.m. Stopped.) (8.07 p.m. Hear nothing more, and leave.) (Begin¬ 
ning with the 56th phrase, the bird was on its regular perch, used 
for the morning twilight song.) 

The “y y y”, preceding tlie 25th phrase, denotes a series of 
twittering notes. The x phrase (the 42d) resembled the x phrase 
in record 13. 

Record 14 Record of evening twilight song by Saunders’s Second, Fairfield, 
Conn., June 19, 1926. 
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1 - 1 - 1 - (thirteen 4’s) - 1 3 4 2 1 3 4 1 4 2 31312 1 (31312 
1st 17th 

twice) 3-1-1-1-1-1-1 (long rest, estimated as four minutes) 
44th 

(thirty 4's) - - 2 
50th 80th 

Notes. “I was not out to take a record, and did not have my watch 
with me so the record is not timed/ 1 

“I think the individual is the Fifth, but it sang about 200 feet 
east of where I obtained the morning record, July 4th.” 

Record 15 Record of evening twilight song bv Saunders’s Fifth, Lake Clear, 
N. Y. t July 8, 1926. 

Three records of the evening song, made by Mr Saunders, are 
reproduced in records 13-15. Comparison with the other 14 records 
indicates that these three exhibit all the principal characteristics 
of the evening twilight song. 

In the strings of sentences in the evening song, the sentences are 
identical with those of the morning twilight song; they are composed 
of phrase 1, phrase 2 and phrase 3, and they include a number of 
the sentences listed in table 3, such as 1312, 132 and 3132. This 
indicates that the wood pewee’s rhythmic song in the evening is 
governed by the same tendencies which we found in the rhythmic 
song of the morning; specifically, the tendency toward quick tempo 
and regular rhythm, the tendency to sing a higher proportion of 3's 
when singing rapidly, the tendency to regular recurrence of the l’s, 
2's and 3's, and the tendencies toward those particular frequencies 
of the Ts and 2’s which are heard in the sentences. 

A striking fact is that phrase 4 forms no part of any of the 
strings of sentences. On the contrary, phrase 4 is commonly repeated 
all by itself, with no other phrases intervening. In record 13, besides 
several short strings of 4’s, there are seven long ones, the longest 
consisting of twenty-four 4’s; in figure 15 there is a string of thirty 
4's. In this respect, phrases 3 and 4 are exactly opposite; phrase 
4 never constitutes part of a regular sentence; that is to say, phrase 4 
never constitutes part of a sequence of phrases which is repeated 
in a string. Phrase 3 always (or nearly always) constitutes part of 
a sentence, the sentence including phrases 1 and 2 as well as 3. 
Phrase 3 occurs exclusively (or almost exclusively) in the rhythmic 
song; phrase 4 occurs exclusively in the leisurely singing. In this 
connection it should be mentioned that in Mr Saunders's three records 
of the evening song, in all the strings of 4's, each 4 is followed by 
a dash, indicating a long rest. 
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The evening song, like the morning song, includes first a leisurely 
prelude, containing no 3’s, then a rhythmic portion, with regular 
recurrences of Ts, 2’s and 3’s, and finally a leisurely postlude, from 
which the 3’s are again absent. But there are important differences 
between the morning song and the evening song. The latter is, as 
it were, a mirror-image of the former, because its changes, from 
beginning to end, occur in reverse order (in certain respects). The. 
prelude of the evening song corresponds to the postlude of the morn¬ 
ing song, inasmuch as it comes between the daytime singing and the 
rhythmic song and it is (more or less) continuous with the daytime 
singing. On the other hand, the postlude of the evening song cor¬ 
responds to the prelude of the morning song, inasmuch as it comes 
between the rhythmic song and the silence of the night. The post¬ 
lude of the evening song slows down until there is a very long rest 
after each phrase; in record 13, the last rest is three minutes. The 
tapering off of the evening song is a mirror-image of the slow and 
gradual beginning of the morning song. Moreover, the evening song 
ends with phrase 2, just as the morning song begins with phrase 2; 
we shall recur to this point later, when we discuss the daily cycle. 
(In record 13, the last three phrases are 2, x, 2; the x may be an 
abortive 2, and, significantlyan identical abortive phrase occurs 
several times near the beginning of two morning songs by the same 
individual.) Further, there is an inverse correspondence between the 
times at which the morning and the evening events occur. The clock 
time of each evening event corresponds to the clock time of its mirror- 
image in the morning. This depends, in important degree, upon the 
intensity of light and of course the intensity of light depends upon 
the altitude of the sun. Speaking in rough and general terms, each 
change, in the evening occurs at the same intensity of light as that 
at which the reverse change occurs in the morning. (This statement 
will need to be modified when we discuss “The earliness of the bird’s 
day.”) Finally, the seasonal curve of the hours for the evening song 
is a mirror-image of the curve of the hours for the morning song. 
Putting all these facts together, we see that the evening song is 
symmetrical with the morning song. 

Another difference between the morning song and the evening 
song is in the degree of continuity of the rhythmic portion. In the 
morning song, the rhythmic portion maintains its quick tempo and 
regular rhythm continuously throughout a long period, varying from 
a quarter-hour to a half-hour, as represented graphically in figures 
6-9. But in the evening the rhythmic portion has no such continuity. 
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In record 13, the rhythmic singing occurs in four separate passages; 
to wit, the 16th-30th, 49th-89th, 146th-153d, 248th-290th running 
phrases. In all our records of the evening song this holds true: the 
rhythmic passages are short, varying from eight or ten to 45 phrases. 
The song represented in record 14 has only one short rhythmic pas¬ 
sage, of 25 phrases (the 25th to the 49th) ; the song represented 
in record 15 has only one short rhythmic passage, of 27 phrases 
(the 17th to the 43d). In all our other records the rhythmic singing 
occurs in three or four (or more) isolated passages, separated by 
interludes of leisurely singing. 

Indeed, it appears that some individuals never sing a rhythmic song 
in the evening; at least, they do not sing it regularly. In several 
cases Mr Saunders has listened in the evening where a pewee was 
known to have his home, but has heard no rhythmic song, no phrase 
3, and in some cases no song of any kind. Regarding one of the 
individuals he wrote: “I thought from the rapidity of its notes it 
would soon use phrase 3, but it did not.” Yanney’s Second apparently 
never sang an evening twilight song. Professor Yanney listened for 
it carefully on July 2d, 6th, 11th and 13th, and more casually on 
several other evenings, all without success. Some evenings, the bird 
was silent ; other evenings, he sang l’s and 2’s, but no 3 5 s. Yet the 
morning song by the same individual, of which we have seven records, 
was a long and notably regular composition. 

Yanney’s First, in contrast, was remarkable for the length and 
regularity of his evening twilight song, as shown in the table of data 
(table 8). 

The twilight song of the wood pewee is chiefly a morning per- 
formance. Our evidence indicates that the morning twilight song is 
sung regularly by every male of the species. This is certainly not 
true of the evening twilight song. And even when the evening song is 
at its best, as in the case of Yanney's First, its rhythmic portion is 
far shorter and less continuous than that of the morning song by the 
same individual. 

In calculating the maximum percentage of 3's in each evening 
twilight song, we could not count the 3’s in a hundred consecutive 
phrases, as we did for the morning song. The maxima shown in 
the table of data (table 8) are for passages varying in length .from 
22 to 4F phrases—the longest passages available in those particular 
songs. Evidently there are great individual differences in regard to 
the percentage of 3's in the evening song. Some individuals sing no 
rhythmic song in the evening, Smith’s Third sang only one 3 in 
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his entire evening song of July 11th, 1926. On the other hand, for 
some individuals the maximum percentage of 3’s is higher in the 
evening than in the morning. In the case of Smith’s Second, not only 
was there a high percentage of 3’s, but many of the 2’s also were 
of an intermediate character between phrase 2 and phrase 3. 

Now as to the place for the evening song, while singing a long 
evening song the pewee usually moves about, more or less, and in 
some instances he makes many changes from one perch to another. 
But always (so far as known) through at least a part of his evening 
song he perches in the same tree that he uses for his morning twi¬ 
light song. All these statements were confirmed on several evenings 
in the case of Yanney’s First individual. Smith’s Second “began in 
the place where the first phrases of the morning song were heard, 
but shifted in two stages to the point where main part of morning 
song was heard and in the midst of its true twilight song the bird 
moved farther away.” Saunders’s First (record 13), after singing 
eight phrases in the distance, came to the perch used for the morning 
twilight song, and (so far as known) remained there until the very 
end of his song. Saunders’s Second, as is shown in detail in record 
14, moved in two stages to his regular perch, though he did not reach 
it until the middle of the postlude of his song. Professor Rickett 
heard the twilight song on several evenings, delivered by one of his 
individuals at Madison, Wis., and he. wrote that it was “sung from 
the same tree whence came my morning records.” 

OTHER SONGS AND CALLS OF THE WOOD PEWEE 

“The call note of this bird is a simple ' chip 1 ” (Saunders, ’35). 

“When disturbed about the nest the birds utter a peculiar pe-e-e-e-e, 
shrill and fine, rising toward the end, which might be called a rapid 
chatter” (Roberts, ’32). 

“It sometimes indulges in a series of short twittering notes which 
are irregular and indefinitely arranged but seem to accompany court¬ 
ship or mating more frequently than the song” (Saunders, ’35), The 
following quotations evidently refer to the same twittering notes: 
“The male wood pewee has a rapid chattering utterance, delivered 
as he pursues the female among and over the tree-tops; also, at such 
times, a few full, sweet notes, almost as though he were about to 
warble a song and suggesting a phrase from that of the ruby-crowned 
kinglet. This was,heard on one occasion (June 20) just at sundown 
as a pair of pewees that had a nest near by were indulging in most 
ardent expressions of devotion, accompanied by aerial evolutions so 
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rapid as to make it difficult to follow them with the eye. These birds 
also uttered at this time the pe-zvee note in a key and tone entirely 
unlike the usual expression” (Roberts, ’32). “The flight song is 
comparatively rare” (F. IT. Allen, ’22). Bradford Torrey, in the 
following quotation, compares this performance of the wood pewee 
with that of the chebec or least flycatcher: “I have often seen the 
least flycatcher when he was almost beside himself; flying in a circle, 
and repeating breathlessly his emphatic chebec. And once I found 
a wood pewee in a somewhat similar mood. He was more quiet than 
the least fly catcher; but he too sang* on the wing and I have never 
heard notes which seemed more expressive of happiness. Many 
of them were entirely new and strange, although the familiar pewee 
was introduced among the rest” (Torrey, ’85, p. 36-7). 

A similar twittering performance may constitute part of the pre¬ 
lude of the evening twilight song. Mr Saunders, on his record of 
June 19, 1926, recorded “a series of twittering notes” just before the 
beginning of the twilight song proper (“y y y,” record 14). Professor 
Rickett wrote from Madison, Wis.: “The evening song was interest* 
ing because of the Trials’ the bird made before getting into it: all 
sorts of queer, un-pewee-like twitterings and chirpings.” Wendell 
P. Smith wrote from Wells River, Vt.: “I saw the beginning of a 
song at twilight one evening in June, the individual showing con¬ 
siderable excitement, with fluttering wings and tail, frequent utter¬ 
ance of the characteristic flycatcher single-syllabled note, common 
to many species, and then the slow repetition of phrase 1, becoming 
more rapid until 2’s and 3’s were added.” 

The following quotation from Barrows’s Michigan Bird Life (T2) 
apparently refers to the same phenomenon: “After sunset the wood 
pewee not infrequently breaks into a twittering song . . . which it 
utters while on the wing and flying irregularly here and there as if 
in great excitement.” 

THE CYCLES 

THE DAILY CYCLE 

The data concerning the distribution of the phrases in the daily 
cycle are summarized in table 6. In the part of the figure dealing 
with the morning twilight song, the numbers for “all phrases” repre¬ 
sent 62 songs by 42 individuals; but the numbers concerning phrase 1, 
phrase 2 and phrase 3 were calculated from only 12 songs by ten 
individuals. The postlude of the morning twilight song is included 
in the daytime singing. The numbers for the daytime singing are 
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based upon records of it by three observers, but as no observer has 
ever recorded the daytime singing for a whole day continuously the 
numbers concerning it are merely a rough estimate; 1900 -for the 
total number of phrases in the daytime singing is probably too low. 
As for the evening twilight song, the numbers concerning “all 
phrases” represent all our 17 records, from ten individuals; but the 
numbers of l’s, 2’s, 3's and 4’s separately were calculated only from 
Mr Saunders's three records (records 13-15). 


Table 6 

Distribution of the phrases in the daily cycle 
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One of the significant facts about the daily cycle is the symmetrical 
relation between the morning song and the evening song. When we 
described the evening song we showed in detail that it is a mirror- 
image of the morning song. 

In connection with this symmetry, we shall now discuss the 
observation that phrase 2 is the very first phrase in the morning and 
the very last in the evening. Mr Saunders, in his notes on the morn¬ 
ing song of his Ninth individual, wrote: “In my experience the 
awakening note is commonly phrase 2, and both this bird and others 
prolong it then and slur the last note downward f pee-oh-oo-oo , , n and 
he added a graph and musical notation which we reproduce here in 
figure 15. (In many species of song-birds the first waking phrase is 
different from later ones; it has a “sleepy" character; see Scliwan, 
’21, p. 17.) 
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■ Figure 15 The first phrase of the morning song 

Notice the beginning of the morning song in record 11, the 
record of F. Test’s First, August S, 1929. That is an ideal example 
of the very beginning of the daily cycle of song: first a single 
phrase 2, then a ten-minute rest, again a single phrase 2, then a 
two-minute rest, and so on; the duration of the prelude was about 
19 minutes. A large proportion of all morning songs have this type 
of prelude; usually the first five or more phrases are all 2’s. 

We have a large number of records of the prelude; 11 of them 
are reproduced in records 1-11. A considerable number of these begin 
with phrase 1; but those which begin with phrase 1 are almost all 
short, and it is certain that in some of these cases the record is in¬ 
complete, the observer failed to hear the beginning of the prelude. 
Nevertheless, there are cases in which we believe that the observer 
did hear the opening phrase and this was phrase 1. In these cases, 
with very few exceptions, the prelude was short and the hour was 
late and these two facts indicate that the bird himself omitted the 
first part of the daily cycle. 

The conclusion is that the wood pewee sometimes is late in begin¬ 
ning his morning song and omits the first few phrases of the daily 
cycle. When he really begins at the beginning, he commences with 
several 2’s, separated by long rests, as illustrated in records 1, 3, 
10 and 11. 

The termination of the evening song exhibits the same phenomenon 
in reverse. Our records indicate that in some cases the pewee stops 
singing before he has reached the very end of the daily cycle; in 
at least a few of these cases it is likely that some external disturbing- 
factor caused him to stop. When he does continue to the very end 
of the cycle, he ends with phrase 2, and typically with two or more 
2’s, separated by long rests, 

(This much is certain, that at the extreme beginning and the 
extreme end of the day, phrase 2 is by far the commonest phrase and 
this fact stands out in sharp contrast to the comparative infrequency 
of the 2’s at all other times of day.) 

Thus the pewee begins and ends his day with phrase 2. Of course, 
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no one would expect him to begin or end his day with phrase 3, the 
rhythmic phrase, because his first singing in the morning, and also 
his last at night, is extremely slow and sleepy. But why does he not 
begin with phrase 1 ? The answer is, we believe, that phrase 2 is 
phylogenetically older than phrase 1. We shall speak of this again 
when we discuss the “Evolution of the wood pewee’s song.” 

We need to append a short note on the fact that the wood pewee 
occasionally sings at night. While camping at Wilder’s, Ind., on the 
Kankakee river, in July, 1899, I made note of its singing on three 
different nights. Bendire (’95, p. 289) says: “In Oneida and Her¬ 
kimer counties, New York, I found the wood pewee common every¬ 
where. ... Its plaintive call notes could be heard at all hours of the 
day and often in the night as well.” Allard (’30, p. 441) and Oldys 
(’04) also mention night singing. Saunders (’29, p. 69) says: “Many 
species of birds, perhaps nearly all, will sing occasionally at night.” 
Any observer who hears the wood pewee sing in the night would do 
well to make a careful note of the hour, the weather and light- 
intensity, the phrases which are sung and whether the melody of 
those phrases is different from what we hear in the twilight song and 
the daytime singing, for example, whether phrase 2 is prolonged 
downward as in figure 15. 

HOURS FOR THE TWILIGHT SONG 
Data on the hours. Our discussion of the daily cycle leads 
naturally to the question as to the hours at which wood pewees begin 
and end their twilight songs. Our data on the hours are given in 
detail in the table of data for the morning song (table 7) and that 
for the evening song (table 8). All the clock times are local time 
(as explained in our Introduction). 

In order to compare the wood pewee’s hours with the hours of 
sunrise and morning twilight, also sunset and evening twilight, we 
need to use the tables published annually by the British government 
in the Nautical Almanac and Astronomical Ephemeris (Anonymous, 
’36). The American Nautical Almanac does not give complete tables 
of twilight, there being an international agreement among astron¬ 
omers, whereby the several nations do not wastefully duplicate each 
others’ publications, The measuring points used in the tables are as 
follows. 

TIME DEPRESSION OF SUN 

(True position of Sun's center) 

Sunrise or sunset. 50’ 

Civil twilight . 6° 

Nautical twilight. 12° 

Astronomical twilight. 18° 
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The nautical almanac uses the term "sun’s depression,” but some¬ 
times it will be convenient to speak of this as "negative altitude.” 
Positive altitude is measured from the horizon up; depression or 
negative altitude from the horizon down. 

Whenever we shall speak of civil twilight we shall mean the exact 
minute when the sun is 6° below the horizon and nautical twilight, 
the exact minute when the sun is 12° below the horizon. Civil twi¬ 
light in the evening is approximately the time when men must cease 
outdoor occupations because of darkness; civil twilight in the morn¬ 
ing is the time when such occupations can begin. At nautical twilight 
the landscape seems to me to have almost the darkness of night; even 
in the sky there is only a pale twilight, and the stars are shining. 
Astronomical twilight, which is the extreme dividing point between 
twilight and night, is not used by us in the present paper. 

The wood pewee sings his first waking phrase, on the average, 
when the sun’s depression is about 9° 36', at which time the illumina¬ 
tion from a moonless sky is much less than that from a zenithal 
full moon. Even the rhythmic song begins usually before civil twi¬ 
light; hence the observer needs artificial light in order to see clearly 
to make a record of the beginning of the song. 

Ornithologists have published many observations on the hour of 
beginning of the morning song of various species of birds, and a 
few observations on the hour of ending of the morning song 
(Haecker, ’24). The wood pewee is a specially good subject for this 
study, because he gives us three points which we can time with the 
clock; namely, the first waking phrase, the beginning of the rhythmic 
song and the end of the rhythmic song. We shall treat these three 
in order. 

As for the first waking phrase: Zimmer (T9, p. 174) points out 
that songbirds usually begin to sing immediately when they awake, 
whereas nonsinging species may or may not become active in other 
ways before using the voice. He observed that crows are often 
awake and active before beginning to caw. Allard (’30, p. 455) gives 
a statement which may modify, but does not essentially contradict 
the thesis quoted from Zimmer. Allard believes that the songbird 
is awake, waiting for the dawn, before he utters his first phrase. But 
Allard himself points out, in regard to some songbirds at least, that 
they begin their day by singing; they sing before they begin to fly 
about and search for food. Judged by this criterion, the wood pewee 
is a songbird; he begins his day by singing and he begins at an ex¬ 
tremely early hour, long before he moves from his roosting perch. 
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From the digital collections of the New York State Library. 
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From the digital collections of the New York State Library. 
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From the digital collections of the New York State Library. 


In the starred cases, there is some evidence to indicate that the ohserver heard the very first phrase. 
Timed record. 
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From the digital collections of the New York State Library. 
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From the digital collections of the New York State Library. 


* In the starred eases, there is some evidence to indicate that the observer heard the very first phrase, 
t Timed record. 
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The data on the hour of the pewee’s first waking phrase (the 
first phrase of the prelude of the morning twilight song) are tabu¬ 
lated in table 7 and shown graphically in figure 16. Many of our 
records lack the first phrase, as we have explained before (page 28). 
For this reason, in table 7 the column, for the very beginning is not 
headed “Beginning of prelude”; it is headed simply “Beginning 
of record.” In drawing figure 16, I have entered only those cases 
which I think do represent the hour of the first waking phrase. In 
all these cases the hour was between nautical and civil twilight— 
except one case, that of F. Test's First, at Turkey Run State Park, 
Ind., on June 27th, which began three minutes before nautical twi¬ 
light. All the hours recorded by Mr Test were extremely early; 
there seems to have been some local condition which caused not only 
wood pewees but also birds of other species to sing at a very early 
hour in that locality. For that reason, in figure 16 (also figures 17 
and 18) we have represented the hours of Mr Test's individuals 
by circles, to distinguish them from the hours of other individuals, 
which are represented by crosses. 

Now we will explain how figure 16 is constructed. First, from 
the tables given in the nautical almanac, we construct the two curves 
representing the hours of nautical and civil twilight. Then we make 
use of our table of data of the morning twilight song (table 7). We 
begin with the first entry, that of Du Bois's First, June 24th. The' 
table shows that in that case nautical twilight came at 2.46 a.m,, 
and civil twilight at 3.36 a.m.; therefore the time interval between 
the two was 50 minutes. As the bird sang his first phrase at 3.12 
a.m., this was 26 minutes after nautical twilight, and 26 minutes was 
0.52 of the time interval between ’ nautical and civil twilight. To 
represent this in figure 16, in the column for June 24, we put a 
cross 0.52 of the distance up from the curve of nautical to the curve 
of civil twilight. For future reference I am going to give this fraction 
a name, or a short designation ; I am going to call it “the fraction 
after nautical twilight” for the particular case in question. In the 
same way that we calculated this fraction for the case of Du Bois’s 
First, on June 24th, we calculate it for each of the other cases of 
the beginning of the morning song; in each case, “the fraction after 
nautical twilight” tells us where to place the cross in figure 16 and 
that is how the figure is constructed. We need to sound a warning 
in regard to the vertical scale in the figure. The vertical scale 
represents hours, and the curves for nautical and civil twilight at 
41° N, latitude are drawn with reference to this scale of hours. But 
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each cross, representing a case of the first waking phrase, is not 
placed with reference to the scale of hours; it is placed with reference 
to its “fraction after nautical twilight.” Crosses representing wood 
pewees at about 41° N. latitude (for example, Mr Saunders’s indi¬ 
viduals at 41.1° N.) are true to the scale of hours. Crosses repre¬ 
senting more northern and more southern wood pewees do not give 
a true reading in reference to the scale of hours; their position should 
be read only in relation to the curves of nautical and civil twilight. 
We have explained all this carefully because the same method will 
be used in constructing figures 17 and 18, and the same “fractions” 
will be used as the basis for table 12 and for certain correlations 
which will be mentioned later. 

In order to find the average time of the first waking phrase in 
the main part of the season we average all the "fractions after 
nautical twilight” for June and July (we exclude the August records) 
and we find that the average is 0.42. From this fraction, by simple 
interpolation, we calculate that the first waking phrase occurs, on 
the average, when the sun’s depression is about 9.6° or 9° 36'. 



26 5 /5 25 5 75 25 4 / 4 


Figure 16 Hour of the first waking phrase, plotted against the seasonal 
curves of nautical and civil twilight. Songs of F. Test’s First are repre¬ 
sented by circles; those of all other individuals by crosses. 
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Figure 17 Hour of beginning the morning rhythmic song, plotted against 
the seasonal curves of nautical and civil twilight 
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The hour of beginning of the rhythmic song is capable of furnish¬ 
ing a more satisfactory measuring point. The field observer can 
easily make sure of hearing the beginning of the rhythmic song, 
whereas it is very difficult for him to make sure of hearing the first 
waking phrase. And as the rhythmic song always begins more or less 
suddenly, its time of beginning can be determined in most cases with 
less than a minute of error. We are handicapped by the fact that 
most of our records are of the nontimed variety; the observer 
marked the clock time at the beginning of the record, but not at the 
beginning of the rhythmic song. Therefore, in many cases, I have 
had to estimate the time at which the rhythmic song began. In the 
table of data (table 7) every estimated time is marked with a 
”c 33 for “circa.” The data on the hour of beginning of the rhythmic 
song are shown graphically in figure 17, and you can see that in 
nearly all cases the rhythmic song began before civil twilight, except 
in August. On the average, in June and July, the time elapsed from 
the beginning of the rhythmic song until civil twilight was 0.28 of 
the time interval between nautical and civil twilight; we shall speak 
of this as the average “fraction before civil twilight” and from this 
fraction we estimate that the rhythmic song begins when the sun's 
depression is about 7.7° or 7° 42'. 

Now as to the time when the rhythmic song comes to an end: 
There are many cases in which it ends rather abruptly, with 
little or no postlude, so that the time of its ending can be recorded 
fairly definitely. But in a majority of cases the rhythmic song tapers 
off into a postlude and there is no exact point of time at which the 
rhythmic portion ceases. In calculating the time of the end of the 
song, however, we have the advantage of a large number of cases'— 
100 cases, shown graphically in figure 18. You can see that the 
rhythmic song ended in 98 cases before sunrise, in one case (Y2:2Jy) 
exactly at sunrise and in one case (Sal3:19Je) three minutes after 
sunrise. On the average, in June and July, the time elapsed from 
the end of the rhythmic song until sunrise was 0.42 of the time 
interval from civil twilight to sunrise; we shall speak of this as the 
average “fraction before sunrise,” and from this fraction we estimate 
that the rhythmic song ends when the sun’s depression is just 
about 3°. 

All ornithologists who have written on the hours of the morning 
song of birds have remarked upon their regularity. A comparison 
of our figures 16,. 17 and 18 with similar figures published by other 
authors (for example, Allard, 3 30) indicates that the wood pewee 
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compares very favorably with other songbirds, in the regularity of 
the hours of his morning song. Since these figures represent a large 
number of individuals in localities scattered widely over the range of 
the species, they go to show that all wood pewees keep the same 
hours, with only a moderate amount of variation; all pewees begin 
their twilight songs at about the same time and all end their twilight 
songs at about the same time. Presumably, if you constructed a graph 
for a single locality it would show less variation and if you con¬ 
structed one for a single individual it would show still less. It should 
be noted too that the variation in the three figures (16, 17 and 18) 
is approximately the same; that is to say, the hour of the first waking 
phrase, the hour of beginning the rhythmic song and the hour of 
ending the rhythmic song are about equally regular and constant. 

Earliness of the bird's day. It is interesting to compare the 
wood pewee’s evening hours with his morning hours. We have ex¬ 
plained (in our account of the daily cycle) that the evening twilight 
song is symmetrical with the morning twilight song. Because of this 
symmetry we might expect that the very last phrase of the evening 
song (“end of the postlude” in table 8) and the first waking phrase 
of the morning song would occur at corresponding hours, when the 
sun is the same angular distance below the horizon. Similarly, we 
might expect that the sun's depression at the end of the evening 
rhythmic song would be the same as that at the beginning of the 
morning rhythmic song and that the sun's depression at the begin¬ 
ning of the evening rhythmic song would be the same as that at the 
end of the morning rhythmic song. 

If we calculate the hours on this basis, we find that the actual 
hours of the evening song, shown in table 8, are far earlier than the 
calculated hours. The first waking phrase in the morning occurs on 
the average (figure 16) about 26 minutes before civil twilight, so we 
might expect that the last phrase of the evening song would occur 
at 26 minutes after civil twilight; instead of this, we find that it 
averages eight and one-half minutes before civil twilight, that is, 
34 minutes earlier than expected. The end of the evening song always 
came before civil twilight, save in the exceptional case of Mr Test’s 
individual, which we shall mention again presently. The morning 
song begins in extreme darkness (illumination, about 0.01 foot- 
candle), when the sun is about 9° 36' below the horizon (on the 
average) ; but the evening song ends when the sun’s depression is 
only about 4° 40 / and there is still considerable daylight (about two 
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foot candles). The rhythmic portion of the twilight song exhibits the 
same phenomenon of earliness. In relation to the position of the sun, 
the evening rhythmic song ends far earlier than the morning rhythmic 
song begins and the evening rhythmic song begins far earlier than 
the morning rhythmic song ends. Indeed, table 8 shows that in most 
cases the evening rhythmic song began before sunset; in one case it 
began 21 minutes before sunset. This earliness of the bird's day as 
compared with the solar day is exhibited more or less by all species 
of diurnal songbirds which have been studied (Dorno, ’24, p. 657-58; 
Haecker, ’24, p. 722; Wright, T2, p. 326) but Allard ('30, p. 459) 
states that it is "not an invariable rule." Wright (T3, p. 533) esti¬ 
mates the earliness of the evening song at 35 to 40 minutes. 

Thus far in our account of the earliness of the bird's day we have 
described it as previous writers have done, taking the hours of the 
morning song as the standard and showing that the hours of the 
evening song are out of agreement with that standard. We said that 
in the case of the wood pewee the end of the evening song was 34 
minutes earlier, in relation to the position of the sun, than the begin¬ 
ning of the morning song. In this description, the hours of the 
evening song appear to be anomalous, and the bird’s day appears to 
be very much awry. When the phenomenon is described in this 
manner and one tries to explain it, the first explanation that comes 
to one's mind is that the bird stops singing early in the evening be¬ 
cause of fatigue, and this is the explanation adopted by previous 
writers (Wright, Allard, Haecker). But how could fatigue explain 
the fact that the bird begins his evening song early? Haecker ('24, 
p. 724) attempts to answer this question by saying that fatigue ren¬ 
ders the bird less sensitive to light, therefore he begins to sing at a 
higher light-intensity. But this is surely incorrect, for there is no 
fatigue known to physiology which could reduce the bird's light- 
sensitivity to such an extraordinary degree. 

The wood pewee enables us to get an entirely different view of the 
matter. He enables us to see that the earliness of the evening song 
is not anomalous, not incongruous with the hours of the morning 
song and not due to fatigue and that the entire phenomenon should 
be given not only a new explanation but also a new description as 
follows: 

The wood pewee’s morning song begins when the sun is (in round 
numbers) 9° 3(7 below the horizon. His evening song ends when the 
sun is 4° 30' below the horizon. The average of these two is 7°. 
Just for the sake of making our description clear, we are going to 
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assume that this point of time, when the sun is 7° below the horizon, 
is for the wood pewee the principal dividing point between day and 
night. It is a reasonable assumption, for many reasons. In the- 
morning the wood pewee anticipates this dividing point between night 
and day by beginning his song 17 minutes before the 7° point is 
reached and in the evening he anticipates nightfall by ending his song 
17 minutes before the 7° point is reached. In this new description, 
the earliness is a characteristic of both the morning song and the 
evening song, each being 17 minutes early. The evening song is not 
34 minutes early, as it seemed to be under the old description. 

Since the wood pewee’s daily cycle of singing begins 17 minutes 
before the time of solar depression 7° in the morning, and terminates 
17 minutes before the time of solar depression 7° in the evening, the 
mid-point of the cycle is 17 minutes before 12 o’clock noon. With 
reference to that mid-point the daily cycle is symmetrical. The 
pewee’s entire day is, roughly speaking, 17 minutes in advance of the 
solar day. Our data show that the daily cycle anticipates the hours 
of the solar day at six definite points: three in the morning twilight 
song (beginning of the prelude, beginning and ending of the rhythmic 
song) and three in the evening twilight song (beginning of the first 
rhythmic passage, end -of the last rhythmic passage, end of the 
postlude). 

We shall now explain carefully what we mean when we say that 
the pewee “anticipates.” We do not doubt that to a slight extent he 
anticipates consciously; when he sings his first phrase in the faint 
light of dawn he is expecting the light to grow brighter; he has the 
kind of expectation which probably can exist in the consciousness of 
any of the higher animals. But this is not our meaning when we say 
that the pewee “anticipates” the critical hours of the solar day. We 
mean only that he acts beforehand—due to a physiological mechanism. 
Anticipatory action is one of the principal characteristics of all living 
beings, plants as well as animals. Just as trees put forth their leaves 
in early spring, often before the weather is suitable, so the wood 
pewee anticipates the day by beginning to sing long before daylight. 
Just as many birds anticipate winter by commencing their southward 
migration—due to a physiological mechanism—long before cold 
weather begins, so the wood pewee anticipates the night by ending 
his song before night falls. 

Our new description of the earliness of the bird’s day merely puts 
into mathematical form what is common knowledge among farmers 
and rustic poets. The cock is “the harbinger of morn.” If a man 
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rises early he is up “with the lark”; if he retires early he goes to 
bed “with the chickens.” The bird’s motto is: “Early to roost and 
early to rise.” 

Comparative study of the hours. The hours of the evening 
song of Mr Test’s individual, at Turkey Run State Park, Ind., were 
later in relation to the position of the sun than those in any other 
locality. The end of the posthide came one minute after civil twilight, 
whereas in all other localities the end came before civil twilight. 
Even the rhythmic portion of the song in Mr Test’s individual did 
not come to an end until the hour of civil twilight. This is extremely 
interesting, because it indicates that the unknown factor at Turkey 
Run State Park which caused the morning song to be exceptionally 
early (as mentioned on a previous page) also caused the evening song 
to be exceptionally late; that is to say, it caused both the morning 
and the evening song to be delivered at light-intensities far below 
the average. 

The reader will wish to know how the wood pewee’s hours com¬ 
pare with those of birds of other species. Some ornithologists have 
endeavored to draw up a definite list of songbirds in the order in 
which they commence to sing in the morning. Allard (’30, p. 4S0) 
and Voigt (T3, p. 17) have warned against generalizing from such 
a list, for several reasons: We have not yet enough data to draw 
up such lists, the different species overlap to a great extent, the order 
of precedence is not the same in different localities and the order 
which holds true at the time of the solstice does not always hold in 
May or August. But our study is not complete until we have com¬ 
pared the wood pewee with other species. In comparing the wood 
pewee, you must beware of the stumbling-block which we have men¬ 
tioned before, that it is difficult to make sure that you have heard 
the wood pewee’s first phrase. The same difficulty may arise in the 
case of other species. Dorno (’24, p. 654-5) has confessed that in 
certain cases it is doubtful whether his records represent the very 
first morning song of the (European) blackbird. 

When Horace W, Wright (T3) at Jefferson Highland, N. H., 
(lat., 44.4° N., Ion., 71J4°W.) took his station at a certain point 
in the woods on three different mornings, he found each morning that 
the first of all birds to sing was the wood pewee. On July 6th (p. 
514) h*' recorded the first three bird voices as follows. (I have 
changed the standard time, stated by Wright, to local time.) “At 
3.01 wood pewee sings once; again, 3.05; Ovenbird gives flight song, 
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3.07, near-by, without leaving perch, I am quite sure; wood pewee, 
3.10, sings four times, and at 3.12 sings and continues; 3.19, second 
pewee sings, , and the two continue, singing constantly.” These two 
records (first individual at 3.01, second individual at 3.19) are 
entered in our graph, figure 38. At a certain other point in the woods, 
the earliest singer heard by Wright was the alder flycatcher. When 
the same observer listened in his own garden on eight mornings, the 
first species was the song sparrow and the wood pewee averaged ten 
minutes later, being the seventh species in the order of awakening; 
but there is some question as to whether the observer heard the 
pewee’s first phrase when listening in that location. Summarizing his 
observations for two years, 1912 and 1913, Wright gives a list of 
57 species arranged in the order of their average time of beginning 
to sing (or call, in the case of nonsingers). In this list, the wood 
pewee is the first species, followed by the alder flycatcher. Some 
other writers have not found, as Wright did, that the wood pewee 
is the first of all species to begin singing; but all agree that the pewee 
is one of the earliest. 

Now we shall compare the wood pewee 1 s evening hours with those 
of other species. It is a general rule that the order in which the 
various species cease singing in the evening is the reverse of the 
order in which they begin to sing in the morning. The species which 
begin earliest in the morning sing latest in the evening. The rule 
holds true of the wood pewee; his song continues in the evening until 
he is one of the last species to become silent. The rule does not hold 
exactly true of the thrushes; Wright finds that they are the very 
latest singers in the evening, but, as we have seen, they are not the 
earliest in the morning. Wright (T3) gives a list of 55 species ar¬ 
ranged in the order of their average time of ceasing to sing in the 
evening. The wood pewee is 49th in the list, followed by the scarlet 
tanager, hermit thrush, robin, alder flycatcher, veery, olive-backed 
thrush. But the very latest species, the olive-backed thrush, averages 
only seven minutes later than the wood pewee, whereas at the other 
end of the list there are songbirds whose songs ceased 45 to 50 
minutes earlier than that of the wood pewee. 

Factors which determine the hours. A comprehensive study 
of the hours of bird song was first made by Haecker ('16, '24) and 
his followers, Zimmer (49) and . Schwan ( 5 21-’22) in Germany and 
Dorno (’24) in Switzerland. These men established the fact that 
the most important environmental factor is light-intensity. Haecker 
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is the most expert and the most cautious of the four investigators. 

In America, the few studies which have been made confirm 
Haecker’s conclusion that light-intensity is the most important en¬ 
vironmental factor. Allard (*30) made extensive observations on 
about 14 species, including the wood pewee, Nice (’39), as part of 
her intensive study of the life and behavior of the song sparrow, 
observed the hour of the awakening song throughout the year for 
seven years. 

Shaver and Walker (’30) made a statistical study of the correla¬ 
tion between temperature and the time of ending of the evening song 
of the mockingbird. Their table of data shows 37 observations, six 
in November, January and February, and 31 in March and April. 
From the calculation which they give on page 392, I understand that, 
when the seasonal trend is eliminated, there is no significant correla¬ 
tion between the temperature and the time of ending of the song. 
Their graph shows an interesting seasonal trend, to which we shall 
refer later. 

Light-intensity is the most important of the environmental factors, 
all observers agree. Light-intensity, in turn, is determined by a num¬ 
ber of factors, chiefly the altitude of the sun, but also the light from 
the moon, the cloudiness of the atmosphere and local conditions such 
as the presence of hills or trees which cast shadows. 

Some previous writers have said that both the time of beginning 
and the time of ending of the twilight song are determined by light- 
intensity. But the structure of the twilight song (described in the 
first part of our paper) suggests that it runs through a certain course 
and that it comes to an end when its course is run and not before. 
Its course includes first a rise, then a decline in the rate of singing 
(figure 6-9), the decline being probably due, in part at least, to 
fatigue. This seems to indicate that the duration of the song is de¬ 
termined by internal factors, not by changes of illumination. Haecker 
(’24, p. 724-25) likewise suggests that the time of ending of both the 
morning and the evening songs is determined by fatigue; he found 
that in the blackbird of Europe in the springtime the evening song 
lasts normally an hour. It may be that the time of ending of the 
song is influenced both by fatigue and by a change in the illumination. 

In severe stormy weather, the hours of birds’ songs may be greatly 
reduced or the song may be omitted entirely. But the wood pewee, 
like many other species, continues singing during a moderate shower 
of rain. For example, in the case of Yanney’s Second, on July 27th, 
after the bird had sung 552 phrases, rain began to fall, and the noise 
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of the rain prevented the observer from hearing the song perfectly, 
so he quit recording, but the pewee continued singing for about ten 
minutes more. Saunders’s Fourth also sang during a shower of 
rain on June 23d, but the rain seemed to interfere with his song to 
some extent, causing him to sing more slowly. Snyder’s First was 
apparently more sensitive to rain: on two clear mornings, June 24th 
and 25th, he sang a long twilight song, but on June 27th the observer 

wrote as follows: "(Arrived 3.46 a.m.) (4.01 a.m.) phrase 2- 

(Light rain begins to fall just as the pewee sings this first phrase. 
At 4.21 a.m. the rain is still falling gently, and the pewee has not 
made any attempt to resume his song. I return honle.) ,, Alford 
(’25, p. 311) and Haecker (’16, p. 418) observed certain European 
species singing steadily through violent thunderstorms. 

Each bird begins his morning song when a certain light-intensity 
is reached; in his adherence to this rule he exhibits a remarkable 
tenacity and resistance to all extraneous stimuli. This has been 
emphasized by all writers on the subject and the same is true of the 
hour of ending of the evening song. 

Loud noises, even the firing of cannon (Haecker, ’16, p. 418; 
Schwan, ’21, p. 10), the howling of jackals and the loud voices of 
other animals in a zoo (Haecker, ’16, p. 418) neither hasten nor 
delay the time of beginning of the morning song. It is a striking 
fact that a bird of a late species, such as the house wren, does not 
begin to sing until his specific time has come, although his ears have 
been bombarded by a loud chorus from earlier species, including the 
robin, whippoorwill, cardinal, mockingbird and many others. 

For us a more important question is this: When a wood pewee 
hears another wood pewee begin to sing, does this stimulate him and 
make him more ready to begin his own twilight song? A complete 
solution of this problem would be very difficult. An observer who 
hears two Pewees begin at almost the same time should not hastily 
conclude that one influenced the other. We have shown from our 
data that all wood pewees, although they live a thousand miles apart, 
begin at approximately the same time (in relation to the sun’s alti¬ 
tude) ; all are stimulated by the same light-intensities. As for neigh¬ 
boring wood pewees, even though they can easily hear each other, 
there is often an individual difference in the hours they keep. For 
example, Professor Yanney observed that his Second nearly always 
began earlier and ended earlier than his First; the difference in time 
of ending might be ten or 12 minutes. However, there were two 
mornings when the First individual began earlier than the Second. 
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Many other observers have noticed a constant difference between the 
hours kept by two neighboring wood pewees, and the same phenom¬ 
enon has been noted for other species by several authors (Allard, 
'30, figure 2; Schwan, '21, p. 16). These observations indicate that 
each individual keeps his own hours, each is little or not at all 
influenced by his neighbors. 

Our attention must now be turned to the internal factors which 
help to determine the bird's hours of singing. The twilight song is 
not an isolated reaction; it is an integral part of the entire daily cycle 
of singing. This is indicated in an interesting way by the symmetrical 
relation between the morning and the evening twilight song. The 
daily cycle of singing of course has a physiological basis and this is 
related to the periodicity of sleeping and waking and to the 24-hour 
cycle of general activity. 

The bird is a chronometer, with an internal mechanism which runs 
through a certain round of activity every 24 hours. External in¬ 
fluences, especially the changes of illumination at dawn and at dusk, 
serve merely to regulate the chronometer, to keep it in synchronism 
with the solar day. This has been proved by an abundance of experi¬ 
ments on birds and other organisms; the literature is well summed 
up by Welsh (’38). The predisposition to a 24-hour cycle is inborn. 
Whitman (T9 b, p. 50) observed that the young pigeon, before 
hatching out of the egg, has a 24-hour cycle of activity and rest, 
corresponding to that of the adult. Some writers have spoken of the 
chronometric function of the organism as "mysterious,” but we think 
that that is a mistake. Every physical or chemical change requires a 
definite amount of time and inasmuch as the organism is a physico- 
chemical system, all its processes occur in definite periods of time. 
Every animal and every plant is a chronometer. 

Allard ('30, p. 455) has given grounds for the belief that birds 
do not need the light of dawn to wake them in the morning; Wright 
had spoken of the song of birds as the "morning awakening” and 
we have spoken of the first phrase as "the first waking phrase,” but 
Allard finds evidence to indicate that the bird is already awake,, wait¬ 
ing for the dawn before he begins to sing. Lutz (’31) studied the 
time of the first morning song of a certain wren on Barro Colorado 
island. He found that “On 24 mornings between November 9 and 
December 5, 1930, the times at which this individual wren first sang 
fell within a range of* 15 minutes.” He came to the conclusion that 
the wren seems to be a combination of chronometer and photometer: 
as a chronometer, "the bird strongly tends to start each day at the 
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same time, say 5.58”; as a photometer, it begins somewhat earlier on 
clear mornings, somewhat later on cloudy mornings. 

THE SEASONAL CYCLE 

The seasonal cycle in general. To make an adequate study of 
the seasonal cycle, an observer would need to make records of the 
singing of one individual wood pewee every day during the beginning 
of the season, then at intervals of a week or so throughout the sum¬ 
mer and every day again at the end of the season. Similar series of 
records would be needed from several individual pewees. This would 
require a great amount of time in the field. We have no such data 
for any individual; the nearest approach to it is in the records of 
the morning songs of Yanney’s First and Second. There are no 
other individuals for whom we have records distributed throughout 
the season. (For this reason, in constructing the seasonal curves, 
tables 10 and 11, it has been deemed best to omit Saunders’s Ninth, 
and to adjust the weights of certain other individuals.) Another 
difficulty is that we have no records of the rhythmic song at the 
very beginning of the season. In spite of these limitations, our data 
enable us to tell a good deal about the seasonal cycle. 

The most important fact is that the wood pewee sings every day 
throughout a long season. This statement holds true of both the 
leisurely daytime singing and the morning twilight song. It is true 
that several species of birds in our region have a longer song season 
than the wood pewee; but it is also true that many species stop 
singing in July, whereas the wood pewee continues into August and 
September. 
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Table 9 

Average migration dates of the wood pewee 


locality 


FIRST SEEN LAST SEEN 

IN SPRING IN AUTUMN 


Canada 


Montreal. 

Southwestern Ontario 


May 23d 1 Sept. 6th 

May 14th Sept. 20th 


Atlantic Coast States 

Southwestern Maine. 

Hartford, Conn. 

Ballston Spa, Saratoga co., N. Y 
Rochester, Monroe co., N. Y.... 

Geneva, Ontario co., N. Y. 

Branchport, Yates co., N. Y. .. . 
Stanfordville, Duchess co., N. Y. 

Renovo, Clinton co. r Pa. 

Washington, D. C... 

Raleigh, N. C.. 

Southeastern Georgia. 


May 2 2d 
May 18 th 
May 18 th 
May 11th 
May 18 th 
May 18 th 
May 20th 
May 9 th 
May 5 th 
April 23d 
April 15 th 


Sept, 15 th 


Sept. 22d 
Oct. 4th 
Oct. 9th 


Mississippi Valley 

Lanesboro, Fillmore co,, Minn 

Central Iowa. 

Chicago, Ill. 

Oberlin, Ohio.. 

Southern Louisiana. 


May 15th 
May 10 th 
May 12 th 
May 6th 
April 10 th 


Sept. 14th 
Sept. 19 th 
Sept. 21st 
Sept. 19th 
Oct. 24th 


Average migration dates of the wood pewee are given in table 9, 
in which the dates for localities in New York State are a small selec¬ 
tion from the extensive tables given by Eaton in The Birds of New 
York, Part I (’10), and the dates for all other localities are a small 
selection from the tables by Cooke, published in Bird Lore (’08). 
The wood pewee, like most of the Tyrannidae, arrives rather late 
in spring, this being an adaptation to the fact that if these flycatchers 
came too early they would not find a sufficiency of the flying insects 
which they need for food (Wetmore, ’26, p. 74-75). 

The daytime singing, so far as we know, begins as soon as the 
pewee arrives in spring, and continues practically until the departure 
in autumn, but the frequency of singing is gradually reduced in 
August and September. In most songbirds the autumn molt inter¬ 
feres with singing; but the wood pewee does not molt until after his 
departure from his summer home. 

Seasonal changes in the morning twilight song. The morning 
twilight song is continued through a long season, though not quite 
as long as the season for the daytime singing. Oldys (’04) states 
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that he has heard the rhythmic song “shortly after the bird's arrival 
in spring.” Professor Rickett (letter, June 15, 1930) writes from 
Missouri: “1 heard the morning song in the Ozarks June 4th. This 
is the earliest I have ever heard it, though 1 have often been on the 
watch for it at that time and earlier.” Mr Saunders writes from 
Fairfield, Conn., “In the last two years, living in a pewee’s nesting 
territory, I heard the first twilight song June 7, 1940, and May 29, 
1941.” The season for the rhythmic song continues well into August, 
even in the northern States, and near Washington, D. C,, Oldys (’04) 
states that he has heard it “at least as late as September 7.” Alex¬ 
ander and Alexander (’08, p. 367) state, in regard to songbirds in 
general: “In the middle of the song period all the individuals of a 
species . . . sing every day, but at the extremes of their song periods 
birds are much affected by situation and weather.” 

The season for the twilight song is far longer in southern than in 
northern latitudes. In Oklahoma, at 34° N., on May 12, 1937, Mrs 
Nice got a record of a morning song in which the rhythmic portion 
continued 19 minutes and she heard three other pewees singing the 
twilight song the same morning. She heard the evening twilight song 
on May 10 and 11. 

At the beginning of the season, the first performances of the 
morning song are likely to be short, slow and imperfect. Mr Smith 
(letter, June 27, 1933) writes from Wells River, Vt.: “I heard the 
first twilight song of the season on May 31st. I noticed at that time 
a slower tempo and fewer phrase 3's, but whether due to individual 
idiosyncrasy or to being early in the season, I can not say. The species 
arrived on May 20th.” At Minneapolis, Professor Swanson made a 
record of the morning song in “the last week in May,” 1926, which 
shows a typical prelude: It begins with phrase 2, and in the first 
13 minutes there were nine 2’s and only two l's. But there was no 
rhythmic song; there were no 3’s. The entire record is 48 minutes 
in length, but contains only 105 phrases; recording was finally dis¬ 
continued because the observer could not follow the bird, which had 
changed perches four times. 

As to the end of the season for the rhythmic song, we have about 
a dozen records for the month of August, as shown in table 7. 
Mr Smith, of Wells River, Vt., when he sent me his record of 
August 5, 1932, wrote: “As the records show, the latter part of the 
season is characterized by a shortening of the song and by an ap¬ 
parent lack of enthusiasm manifest in slower tempo. The ending 
seemed rather abrupt, however, as on August 7th the song given 
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was the usual one, but on the 8th it consisted almost entirely of” l’s 
and 2’s, there being only four 3’s. At Wooster, Ohio, August 10th 
and 11th, Yanney’s Fifth sang a regular twilight song each morning. 
On August 16th, Professor Yanney visited the territories of his First, 
Second, Fourth and Fifth; he heard the Second sing for about four 
minutes, but heard nothing from the others. On August 19th he 
wrote: “I made my last round to the wood pewee settlements this 
morning and got nothing but a few scattering l 5 s and 2*s from the 
Second individual. Hence I conclude that the grand opera season is 
dosed. At any rate my observations cease from this on.” 

We believe that throughout this long season every male wood 
pewee normally sings his rhythmic song every morning. Much evi¬ 
dence for this belief can be seen in table 7. Saunders ('35.) says, 
“Apparently every nesting male pewee sings this song every morn¬ 
ing throughout its season/ 1 There have been a few known cases in 
which the pewee failed to sing the morning twilight song but there 
is good evidence in some of these cases that the failure was caused 
by a disturbing condition, such as the presence of an enemy (for 
example, an owl) which inhibited the singing. 


Table 10 

Seasonal variation of the length of the morning rhythmic song 


DATES 

NUMBER OF 
CASES 

AVERAGE NUMBER 
OF PHRASES 

June 8th—20th.. 

12 

769 

June 23d—30th... 

19 

865 

July 2d—15th..... 

17 

790 

July 16th—28th. 

9 

773 

Aug. 1st—11th..... 

7 

569 




Table 10 summarizes our data on the seasonal'changes in the 
length of the morning rhythmic song. Because of the nature of our 
data, the numbers in this table should not be regarded as very pre¬ 
cise. But this figure and table 7, taken together, seem to justify two 
conclusions as follows: First, although there are rather large: fluctua¬ 
tions in length of song, from day to day, perhaps due to weather 
and other conditions, each individual maintains his song near its 
average length throughout the season, until the first of August or 
later. In other words, the length of the morning song is fairly con¬ 
stant. Second, the morning rhythmic song is longest at midseason, so 
that the curve for the season is convex; as might naturally be ex¬ 
pected, because the duration of twilight is longest at midsummer. 
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Table 11, 

Seasonal variation of the maximum percentage of 3’s 
in the morning rhythmic song 


dates 

NUMBER OF 
CASES 

AVERAGE OF 

THE MAXIMA 

June 8 th—20 th. 

18 

48 2 

June 21st—26th. 

17 

46.8 

June 27th—July 2d. 

16 

46.6 

July 4 th—10 th. 

17 

45.7 

July 11th—22d.... 

16 

13 

45.1 

July 27th—Aug. 10th. 

44.6 



Table 11 gives a tabular view of the seasonal variation of the 
maximum percentage of 3’s in the morning rhythmic song. Again, 
two conclusions may be drawn. The first and most certain conclusion 
is that the percentage of 3’s is remarkably constant. The constancy 
is conspicuous in table 11 and also in every individual case in which 
we have records of two or more morning songs from the same singer 
(table 7) ; Rickett’s Fifth, at 39° N. lat., is a good example. 

The second conclusion concerning the maximum percentage of 3’s 
is that the seasonal curve for this measurement is slightly convex, 
Yanney’s Second presents a neat convex curve, as shown in the 
following table, which is copied from table 7. 


Date 

June 

23d 

29th 

July 

2d 6th • 

14th 

27th 

31st 

Maximum percentage of 3’s 

37 . 

39 

43 44 

43 

40 

39 


Table 11 does not show a complete convex curve, it shows only a 
decline; but remember that it does not include the very beginning 
of the season, during which there was probably a rise in the percent¬ 
age of 3’s. If it is true, however, that the percentage of 3’s first rises 
and then declines, it is certain that the rise and decline are only slight, 
the percentage of 3’s remaining nearly constant from early June until 
August. 

Concomitant with the rise and decline of the percentage of 3’s there 
may be a seasonal cycle in the strings of sentences. This is exhibited 
clearly in the seven records from'Yanney’s Second, which we have 
just mentioned. The record of June 23d contains many long strings 
of 312, in which of course the 3’s constitute 33*4 per cent. On June 
29th, the strings of this sentence are greatly reduced. On July 2d 
and 6th they are at a minimum and instead of them we find strings 
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of sentences (31312 and 13132) containing 40 per cent of 3’s. The 
records of July 14th and 27th show a regular increase in the strings 
of 312, and on July 31st they become again predominant. The regu¬ 
larity of this change is extremely interesting, because it shows that 
in this case even the structure of the rhythmic song as a musical 
composition went through a seasonal cycle. It is probable that, if we 
had sufficient data, this seasonal change in the strings of sentences 
could be found in the songs of every individual, to some extent, at 
least at the beginning and the end of the season. 

The seasonal curve for length of song (table - 10) is skew, and 
the seasonal curve for percentage of 3’s (table 11) is probably skew 
in the same manner. At the beginning there is a quick rise, the climax 
is reached early in the season, then there is a long, slow decline. This 
is probably connected with the skewness of the curves for the hours 
of singing, slipwii in figures 16, 17 and 18, in which the relation 
to the hours of twilight can be seen clearly. In other words, the 
morning twilight song is longest and contains the greatest percentage 
of 3's, in the last part of the month of June, when the duration of 
twilight is at its maximum. 

Summarizing all that has been said concerning the seasonal changes 
in the structure of the morning twilight song (and filling in hypo¬ 
thetically a few gaps in the data) we reach the following interesting 
conclusion: The series of changes occurring from the beginning to 
the end of the season is broadly analogous to the series of changes 
which occur from the beginning to the end of each particular twi¬ 
light song every morning. The details follow: For a few mornings 
in the end of May (in northern latitudes) the pewee sings, as it 
were, a seasonal prelude; for these few mornings he sings only in 
his leisurely style, only l’s and 2’s. Then, about May 31st, he sings 
a little faster and begins to introduce the rhythmic phrase between 
the l’s and 2’s. A few days more and he is singing a morning 
rhythmic song of normal length with his normal percentage of 3’s. 
From then on until August he sings such a song every morning. The 
length of song remains pretty constant. The percentage of 3’s is 
remarkably constant. But in length of song, in percentage of 3’s, 
and probably also in rate of singing, there is a rise, a culmination at 
midseason, theu a gradual decline. The decline of the song is very 
gradual until the end of July ,* even in August many morning rhythmic 
songs are still of normal length, with normal percentage of 3’s. At 
last there is a rather sudden drop and the pewee sings, as it were, 
a seasonal postlude; that is to say, for a few days he sings morning 
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twilight songs which are mostly or even wholly in his leisurely style 
with few or no rhythmic phrases. 

Seasonal cycle in the hours of singing. In the curves for the 
hours of singing, there is another phenomenon which should be 
called to attention. In figure 16, which shows the hour of the first 
waking phrase, it can be seen that through July and August the hour 
becomes progressively later not only in relation to clock time but 
even in relation to the hours of twilight. In June the average hour 
is well down toward nautical twilight, but in August it comes close 
to civil twilight. The shift can be seen eveil more clearly in figure 17, 
which represents the hour of beginning of the morning rhythmic 
song. In June the average hour is far earlier than civil twilight, but 
in August the curve has risen until it meets the curve of civil twilight. 

In figure 18, for the hour of ending of the rhythmic song, we do 
not see any such shift; in August, as in June, the song ends, on the 
average, ■ when the sun is about 3° below the horizon. This is ob¬ 
viously connected with the fact that in August the song is of shorter 
duration. Evidently the shortening is accomplished by a progressively 
later beginning, while the hour of ending remains unchanged (in 
relation to the sun’s altitude). Consequently, the seasonal change in 
the length of the twilight song affects the bird’s hour of waking, 
but does not affect the length of his working day. 

Thus in the wood pewee the beginning of the morning song ex¬ 
hibits a great seasonal shift: it becomes progressively later, even in 
relation to the sun’s altitude, toward the end of the season. This 
seasonal shift has been observed in the hours of singing of many 
different species and has been pointed out by other writers both in 
Europe and in America. Allard (’30, p. 461) observed it in the 
robin, house wren, cardinal, song sparrow and others. 

In the first half of the season, the reverse shift occurs; in the 
springtime, when the hours of sunrise and morning twilight are 
becoming progressively earlier, the hour of beginning to sing becomes 
progressively earlier also, not only in relation to clock time but even 
in relation to the hours of sunrise and morning twilight. This shift 
is seen most clearly in the hours of species which are resident or 
arrive very early from the south and begin to sing in early spring 
before the wood pewee has arrived, for example, the song sparrow 
(Nice, ’39). 

The hour of ending of the evening song exhibits the same 
phenomenon; its curve is a mirror-image of the curve of the begin- 
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ning of the morning song. The curve can be seen most completely 
in the species of birds which sing throughout the year. Part of such 
a curve is shown beautifully in the first graph in the article by Shaver 
and Walker (’30) on the mockingbird. From November to February 
the mockingbird s evening song ends almost always before sunset, 
but as spring advances, the time of ending of the song crosses the 
sunset line and rises higher and higher above it. 

Thus as the season progresses from winter to summer, the bird 
becomes attuned to progressively lower intensities of light, so that he 
begins his morning song earlier and earlier and continues his evening 
song later and later until the extreme is reached at the time of the 
summer solstice. After the solstice he becomes less sensitive to light 
(so far as it is a stimulus to the song impulse). Then his daily cycle 
of singing becomes rapidly shortened at both ends, morning and 
evening. The change in the length of the bird's day from winter to 
summer is enormous, considerably greater than the change in the 
length of the solar day. 

You see that the seasonal cycle in the hours of singing is a striking 
phenomenon. The seasonal curves are remarkably regular for the 
individual and for the species. And the cycle has been observed in 
so many species, perhaps it could be found in all songbirds. What 
is its significance? Why does the bird wake so early in the morning 
in midsummer? The answer to this question is undoubtedly con¬ 
nected with the bird's annual physiological cycle and with his photo- 
periodism; therefore it will be necessary to give a brief account of 
these phenomena. 

The annual cycle of singing is an integral part of the bird's entire 
annual cycle in which many other activities and physiological 
processes are known to be involved, especially molting and growth of 
feathers, migration, all the reproductive activities, the development of 
the gonads in spring and their retrogression in autumn and seasonal 
changes in the hypophysis or pituitary. 

The bird's annual cycle is somehow kept synchronous with the 
calendar year. The wood pewee, like'many other birds, is remarkably 
punctual in migrating northward in spring and commencing breeding- 
operations. There must be some stimulus from the environment 
which regulates the chronometer in the bird's physiology, keeping it 
synchronous with the solar year. The older naturalists mostly as¬ 
sumed as a matter of course that that stimulus was the change of 
temperature, the change from the cold of winter to the warmth of 
spring. But the temperature theory is manifestly incorrect, because 
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the spring migration dates of the birds are more constant and ac¬ 
curate, from year to year, than the advent of warm weather in our 
uncertain climate. 

There seems to be only one environmental factor which is suf¬ 
ficiently accurate to bring the migratory birds back on the same date 
every year, with only a few days of variation from year to year. 
That factor is the increase in length of day in springtime (and the 
decrease in length of day in autumn). It has now been proved 
experimentally that that very factor—change in the number of hours 
of daylight—is the chief stimulus which starts the birds on their 
springtime activities. Response of an animal or plant to a change in 
the relative duration of light and darkness is named “photo- 
periodism,” a term invented by Garner and Allard ('20). The 
lengthening of the day in early spring starts the whole annual change 
in the physiology and behavior of birds, including increased activity 
of the pituitary, development of the testes and ovaries, migration 
and the cycle of breeding activities. Rowan ( J 31, p. 129) proved ex¬ 
perimentally that this explanation holds true of the bird's singing. 

When we discussed the “earliness of the bird's day" we gave a 
different answer to the question as to why he wakes so early in the 
morning; we showed that he was anticipating the solar day. But the 
two different answers are undoubtedly connected with each other, 
because photoperiodism shows a very important connection between 
the daily cycle and the seasonal cycle. 

Relation of the song-pattern to the cycles 

In our study of the daily and seasonal cycles, and the hours of 
singing, we have found an admirable orderliness. Every phrase which 
the pewee sings constitutes a part of the long daily program. The 
program is followed with almost clocklike regularity, due largely to 
the chronometric function of the bird's own organism. 

We wish to point out a similarity between this orderliness of the 
cycles and the orderliness of the twilight song as a musical com¬ 
position. Recall the tendencies which we discovered in that musical 
composition and notice that all were concerned with time and with 
temporal relations: the tendency to quick tempo and regular rhythm, 
the tendency to sing more 3's (that is, more rhythmic phrases) when 
singing fast, the tendency toward regular recurrence of the l's, 2's 
and 3's, the tendency to alternate a gliding with a rhythmic phrase 
and the tendencies of the l's and 2's toward certain frequencies. In 
our account of the tendency to rhythm we described the metronomic 
regularity of the phrases in the rhythmic song. 
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In the singing of the wood pewee there are cycles upon cycles, 
varying from those of short duration to those of extremely long 
duration. First there are the musical notes, with a rhythmic beat 
about 81 times per minute; then the phrases, about 27 per minute; 
then the sentences and the strings of sentences, then the twilight 
song as a whole, then the daily cycle and the seasonal cycle. There 
is of course a brood cycle, and it has a great influence on the mating 
song, but it has little influence, if any, upon the twilight song. 
Finally, there is the so-called “life cycle,” but when we come to 
that topic we shall prefer to call it a life history. 

Psychologically there are great differences between the different 
cycles. The durations of the musical notes and phrases and sentences 
are related to the pulses of the bird’s attention, as we shall point 
out later. In human music, the cycle of attention has become highly 
independent of the other cycles of the organism. But in the wood 
pewee the conscious aspect of the song is more subservient to the 
physiological cycles; the rhythmic song is restricted to one season of 
the year and it has its fixed time in the daily program. Even its 
rhythmicity probably has some relation to the bird's photoperiodism, 
for in the wdod pewee and several other species of the Tyrannidae 
the twilight song is rhythmic whereas the daytime singing is not; 
and we found, in at least one individual wood pewee (Yanney's 
Second) that there is a seasonal cycle in the proportion of rhythmic 
phrases in the rhythmic song. 

One of the conclusions of our entire study is that the twilight 
song is a kind of growth, like the growth of a feather. Now it is 
interesting to note that the growth of a feather is cyclic; it has not 
only an annual but also a daily period. Moreover, Whitman (T9a, 
p. 131) and Riddle (’08) discovered that the color patterns of 
feathers originate as a byproduct of the daily cycle of feather growth, 
the night growth being light-colored and the day growth dark. This 
color pattern, originally a mere byproduct of physiological cycles, 
has evolved, in many feathers, into patterns of exquisite beauty. 
Similarly the twilight song, originally a byproduct of the rhythm 
of breathing, and of the daily and seasonal cycles, has evolved into 
a work of art. 

Human art originally had close relations with the daily and sea¬ 
sonal cycles. We city-dwellers have forgotten that connection, be¬ 
cause we rely upon the U. S. Naval Observatory to regulate our 
clocks and to tell us when the seasons begin. But primitive man was 
closer to nature; he made his own observations of the time of 
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sunrise and of sunset and the changes of the seasons* and his life 
was regulated by artistic ceremonies which marked these changes. 

THE BROOD CYCLE 

Bagg and Eliot ('37) state that the wood pewee rears two broods 
in Massachusetts* but observers are not all agreed on .this question. 

All birds, at certain stages in the brood cycle, exhibit some vocal 
behavior which is not observed at other times. Little is known about 
such behavior in the wood pewee; on a previous page we mentioned 
a twittering song used in courtship and an alarm note uttered when 
an enemy comes near the nest. 

But the twilight song is not confined to any one phase of the brood 
cycle. It follows a seasonal cycle which is far longer than the brood 
cycle in the wood pewee and in a great many other birds. It is 
highly independent—in some species perhaps totally independent— 
of the brood cycle. We have shown grounds for the belief that every 
male wood pewee sings the twilight song every morning (barring 
accidents) from May or early June until August. 

The question has been asked, whether the hours of the morning 
twilight song are at all influenced by the brood cycle. Dorno (’24, 
p. 654) states that in some (European) species the influence of the 
brood cycle can be seen in the seasonal curve of the hours of singing; 
the morning song begins earlier during the mating period because 
the male is then in an excited condition. In other species no such 
influence is observable, showing how completely the twilight song 
is divorced from the brood cycle. Similar statements are made by 
Schwan (’22* p. 180) and Zimmer (’19, p. 171, 178). But none of 
these authors supports his statement with satisfactory d&ta. The 
problem is really complex and would require far more careful work 
than has ever been done on it. Haecker, the most expert of the 
German authors, does not mention this problem. Mrs Nice (’39) 
finds, contrary to Dorno, that in the song sparrow the twilight song 
“is inhibited by preoccupation with a new mate. 1 ’ 

VARIATION IN THE RHYTHMIC SONG 
GEOGRAPHIC VARIATION 

In regard to geographic variation the most important fact is that 
there are millions of male wood pewees inhabiting a vast geographic 
area, but they all sing the same phrases and they all sing a twilight 


From the digital collections of the New York State Library. 



114 


NEW YORK STATE MUSEUM 


song which is fundamentally the same everywhere. We have found 
no difference whatever between eastern and western individuals of 
the species and only an extremely slight difference between northern 
and southern individuals. The breeding range of the species includes 
the whole eastern United States, west to the Great Plains, south to 
Florida and Texas and extends north into Canada, from Prince 
Edward Island to Manitoba. The localities from which our records 
come are scattered over half of this great area. No one knows exactly 
how many wood pewees there are, but our statement that there are 
millions of breeding males is amply supported by the bird census 
of the Bureau of Biological Survey (M. T. Cooke, ’23). Our records 
indicate that these males all sing a twilight song, and in all these 
millions of individuals the musical composition of the twilight song 
is determined by the same tendencies. Contemplation of these facts 
brings a vivid realization that the song is a kind of growth, as we 
have mentioned before. 

Of course the hours of singing are different at northern and 
southern latitudes. We shall endeavor to formulate this difference 
in the hours. Then we shall show that, probably as a result of the 
difference in hours, the southern pewees sing a slightly higher pro¬ 
portion of 3’s. 

In table 7 our data on the morning twilight song are shown in 
detail, arranged by geographic latitude. Estimated constants for the 
hours of the morning twilight song are shown in the accompanying 
table, table 12, and we will now explain briefly how the numbers 
in that table are derived. Latitude 41° N. is near the average for 
our data; 38° and 44° stand at approximately the standard deviation 
from this average; 35° and 45° are approximately the extremes for 
our data. The date chosen is July 1st because this is about the 
average date for our June and July records. August records are 
omitted from the table and from our statistics on geographic varia¬ 
tion in the hours to prevent the seasonal variation from interfering 
with our calculations. Our data on the wood pewee enter into this 
table only in the three “fractions”; to wit, “the fraction after 
nautical twilight” for the first waking phrase, “the fraction before 
civil twilight” for the beginning of the rhythmic song and “the 
fraction before sunrise” for the end of the rhythmic song. All the 
other numbers in the table are derived in ways which are simple 
and obvious. 
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Table 12 

Hours for the morning twilight song: estimated constants for July 1st 


Latitude. 

. 35° 

38° 

o 

0 

41° 

■44° 

45 6 

Hour of nautical twilight. 

...... 3.44 

3.30 

3.21 

3.15 

2.56 

2.50 

Hour of civil twilight.. 

. 4.20 

4.09 

4.02 

3.58 

3.44 

3.40 

Hour of sunrise. 

. 4.49 

4.40 

4.34 

4.30 

4.20 

4.16 


Wood pewee's morning twilight song 
First phrase (beginning of prelude) 

"Fraction after nautical twilight”: .42 
Sun's depression: 9°36' 


Hour. 

Beginning of rhythmic song 

"Fraction before civil twilight”: .29 
Sun’s depression: 7 ° 42' 

Number of minutes before civil twilig 

Hour... 

End of rhythmic song 

"Fraction before sunrise”: .42 
Sun’s depression : 3 ° 

Number of minutes before sunrise, . . 

Hour.. 

Duration of prelude (minutes). 

Duration of rhythmic song (minutes). . 


lit 15 

16 

17 

18 

20 

20 

3.59 

3.46 

3.38 

3.33 

3.16 

3.10 

t 10 

11 

12 

12 

14 

14 

4.10 

3.58 

3.50 

3.46 

3.30 

3.26 

12 

13 

14 

14 

15 

15 

4.37 

4.27 

4.20 

4.16 

4.05 

4.01 

11 

12 

12 

13 

14 

16 

27 

29 

30 

30 

35 

35 


The last two lines of the table indicate that the duration of the 
prelude and the duration of the rhythmic song are much greater at 
northern than at southern latitudes. 

Table 12 is based on the assumption that the first waking phrase 
is sung by northern and by southern pewees at the same light in¬ 
tensity (on the average) and that similarly the beginning and ending 
of the rhythmic song occur at the same depression of the sun at 
all geographic latitudes. If this assumption is true, the observed 
hours of the twilight song should show zero correlation with latitude. 
The correlations yielded by our data are as follows: 



NUMBER 

OF 

CASES 

FRACTION USED, TO 
SHOW RELATION 

TO SUN 

CORRELATION WITH 
GEOGRAPHIC 
LATITUDE 

First waking phrase.... 

31 

Fraction after . 
nautical twilight 

+ .25 ± 

.11 

Beginning of rhythmic 
song. 

64 

Fraction before 
civil twilight 

-.15 ± 

.08 

End of rhythmic song.. 

82 

Fraction before 
sunrise 

— , 086± 

.065 
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The third correlation is substantially zero, indicating that the 
southern and northern wood pewees all end their songs at the same 
depression of the sun on the average. The first two correlations are 
doubtful because their probable errors are large. But their signs 
both have the same meaning-for our problem: they mean (if the 
correlations are significant) that southern pewees sing the first wak¬ 
ing phrase and also begin the rhythmic song at a somewhat lower 
depression of the sun (lower intensity of light) than the northern 
pewees do. 

The maximum percentage of 3’s in the morning rhythmic song 
is somewhat greater in southern than in northern latitudes. The 
difference can be perceived by inspection of the table of data, table 7. 
Remember that the maximum percentage of 3’s gives one of our 
most satisfactory measures, for it can be determined from our data 
with great accuracy and we have data for about 51 individuals. 
Letting A=latitude and B ~the maximum percentage of 3’s for each 
of the 51 individuals, the correlation is —,34±:.084. This seems to 
make it fairly certain that the southern pewees sing a slightly higher 
percentage of 3’s than the northern pewees. 

In view of the law that the faster the pewee sings, the more 3’s 
he sings, the negative correlation between latitude and percentage of 
3’s seems to indicate that the southern pewees sing at a slightly 
faster rate than the northern ones. The explanation which naturally 
suggests itself is that, since the southern pewees have a shorter period 
of twilight and consequently sing a song of shorter duration, this 
leads to their singing at a somewhat more rapid rate. 

To test this hypothesis we should like to calculate the correlation 
between duration and rate of the morning rhythmic song. As most 
of our records are of the nontimed variety, our data are not suitable 
for making this calculation, but they do seem to indicate that there 
is a negative, though one-sided, relation between duration and rate; 
that is, short songs may be either fast or slow, long songs are always 
somewhat slow. This lends support to our hypothesis that the twi¬ 
light songs in the south are a little faster than those in the north 
because they are of shorter duration. 

VARIATION OF THE PHRASES 

Types of variation. Each of the four phrases is subject to 
variation. We shall not attempt a minutely accurate description of 
each variation, because that could be best accomplished by means of 
mechanical recording; we shall merely point out a few facts about 
them which are important for our study. 
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There is a good deal of variation which may be considered normal. 
Mr Saunders has observed six different forms of phrase 3 (sung 
by six different individuals) represented here in figure 19, and he 
believes that further observation would reveal many more. There is 
no one of them which needs to be regarded as the typical form* 
There are similar variations of phrases 1 and 2, but we need not 
go into them in detail. In our first description of these two phrases 
we pointed out that they may be rendered with an initial grace-note 
(figures 3 and 4) or without (figure 2). 


«’ a 


Figure 19 Six different forms of phrase 3 J recorded by Mr Saunders. 
Horizontal dimension: time. Vertical dimension: pitch, the distance from 
each line to the next representing a half-tone. 


There are other variations which may be regarded as more or 
less abnormal; at least they are irregular. We shall speak especially 
of two kinds of abnormality’. First, there are cases in which a phrase 
is defective, incomplete or abortive. Defective phrases are rare, but 
they can occur occasionally in the singing of almost any individual. 
Defectiveness of a phrase may be caused by some disturbance; Pro¬ 
fessor Yanney observed in at least two instances that his First indi¬ 
vidual cut a phrase short when he suddenly flew to catch an insect. 
Bicknell (’85, p. 256), in speaking of the autumn singing, says: 
“When singing is at its weakest, the song may be reduced to a single 
low note, suggestive of a low note of the yellow-bellied flycatcher.” 

Secondly, there are phrases of irregular form which are inter¬ 
grades between two (or more) of the regular phrases. We shall 
explain the principal facts. Phrases 1, 2 and 3 are nearly always so 
distinct from each other that the observer is not in doubt as to which 
one he has heard. This is not true of phrase 4; there are many 
intergrades between phrase 4 and phrase 1, and these intergrades 
must be regarded as normal. The great majority of individual 
pewees keep phrases 1, 2 and 3 perfectly distinct from each other; 
or if they sing any intergradient phrases these are rare and excep¬ 
tional. But there are individuals who have a regular habit of singing 
one or more intergradient phrases. 
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For example, in the twilight songs of Craigs Fourth, a large pro¬ 
portion of the 2’s had a slight upward inflection at the end, showing 
a resemblance to phrase 1. There were at least three degrees of the 
gradation from phrase 2 to phrase 1. 

Yanney’s Fourth was addicted to intergradient phrases and there 
are a few other possible cases in our records. The extreme case is 
that of Saunders’s Ninth, which we shall describe presently. In • 
that individual, and probably in some of the others, the intergrades - 
were combination phrases, combining two or more phrases into one 
continuous sound. 

In studying the phonograph records of bird songs, one must bear 
in mind that some of the recorded phrases may be not quite normal, 
or not typical. For example, Mr Saunders tells me that on one of 
Mr Brand’s records the last note of phrase T is flat—evidently due 
to a variation in the bird’s phrase, not to any error in recording. 

Variation in relation to the context. k Several observers have 
noted that phrases 1 and 2 in the leisurely singing are not exactly 
the same as those in the rhythmic song. Mr Saunders observed in 
one case (Sa2;8Je27) that both phrase 1 and phrase 2 were a tone 
higher in the postlude than in the rhythmic song. In several other 
cases (Sa2:17 and 18Je26; Sa4:22 and 23Je26; SaS; Sa6) he 
observed that the last note of phrase 1 was higher in the leisurely 
singing than in the rhythmic song. 

One observer suggested to me that the grace-note at the beginning 
of phrases 1 and 2 is found only in the leisurely singing. If there 
is any such distinction, it certainly does not always hold. Professor 
Swanson made note of an extremely distinct grace-note in a large 
proportion of the 2’s in the rhythmic song of his First. Mr Saun¬ 
ders made note of a grace-note in some of the 2’s in the rhythmic' 
song of his First. 

There is another point of special interest about this last case, that 
of Saunders’s First. On June 28, 1928, Mr Saunders noted that in 
the morning song of this individual there were two forms of phrase 
2, one form being used when the 2 followed a 1, and the other form 
when the 2 followed a 3; the difference was that the former had a 
grace-note, the latter had not. This case is of great interest ,as 
showing that the melody of a phrase may depend, to some extent, 
upon the sentence in which it occurs. I think that careful observation 
would reveal additional examples of such dependence. 

To the record of his Fifth, July 4, 1926, Mr Saunders appended 
the following note. “I have underlined two places [in the midst of 
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the rhythmic song] where phrase 1 is repeated. In each case the 
second phrase 1 was not like the first; the first note at least was 
pitched lower, but I did not have opportunity to note clearly just 
what the difference was." 

In a passage which we quoted in full on a previous page, T. S. 
Roberts describes a song accompanying mating activity and high 
excitement, and he says: “These birds also uttered at this time the 
pe-wee note in a key and tone entirely unlike the usual expression.” 

All these cases of variation in relation to the context are of great 
interest to the psychologist. They prove that the singing of each 
phrase is not an isolated action; it has some connection with what 
preceded and with what is about to follow. We shall refer to this 
when we come to discuss the question whether the pewee has any 
consciousness of the order of succession of his phrases. 

Stammering, There can be no doubt that, in some cases aT 
least, defective or abnormal phrases are a symptom of stammering. 
There are other symptoms of stammering, such as singing one phrase 
faintly, leaving out a phrase, leaving long rests between phrases,' 
singing the phrases in irregular order instead of in the regular 
sentences. An interlude may be accompanied by symptoms of stam¬ 
mering; but this is not true of all interludes. There is some uncer¬ 
tainty as to the symptoms, but there is no doubt that stammering 
does occur. 

Different cases of stammering, naturally, have different causes and 
present different symptoms. The following notes made by Professor 
Rickett on his Fifth individual evidently represent one type of stam¬ 
mering and the circumstances causing it. 

June 25, 1929: “My usual bird started at 3.3‘8 a.m. with a few 
startled, clipped-off calls, then was silent. About five minutes later 
I heard the song from a nearby tree, got there myself at 3 :52 and 
started to rjecord it, but the bird flew. Then I heard the song in* 
my first place, got back there and took i't then without interruption,” 

June 30, 1929: “The bird showed the same uncertainty as the 
other day as to where to settle down and sing. He came back to the 
same tree he started from. The phrase 1 just before he flew each 
time was different—shorter, sounded scared; as if it were cut off 
by his sudden flight. This peculiarity did not appear elsewhere in the 
song.” 

Whitman (T 9bj p. 115) noted stammering in blond ring-doves 
and white ring-doves. I have myself observed it in the doves. 
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For additional data on stammering, see below, under Saunders’s 
Genius. 

Saunders’s Genius. In-the twilight songs of Saunders’s Ninth, 
the combination phrases are developed and used to such a degree that, 
on learning of his songs, I immediately and naturally named him 
“Saunders’s Genius” instead of “Saunders’s Ninth.” Figure 20 gives 
seven graphs representing this individual’s three regular phrases and 
four of his combination phrases. He sang more than four combina¬ 
tion phrases, indeed he sang seven or eight, which he used again and 
again, proving that they had become stereotyped. These combination 
phrases constituted a considerable proportion of all the phrases in 
his rhythmic song. 




Combination 33 Combination 331 New Combination 


Figure 20 Phrases* sung by Saunders’s Ninth; the “genius” individual; 
his three regular, and some of his combination phrases. All those here 
represented were heard June 26, 1930, except the “new combination,” 
which was heard the next day. 


Craig and Saunders offer different explanations of this individual’s 
peculiarities. Craig feels sure that the irregular phrases began as a 
kind of stammering, and a special reason for the stammering can be 
explained as follows: This individual sang a higher proportion of 
3’s than any other that has been recorded. The proportion of 3’s 
can not be stated with accuracy, because of the irregular character of 
the phrases, but it was something like 62 per cent. This made it 
necessary for the bird often to sing two 3’s in succession. Now, 
whenever the. proportion of 3’s tends to rise above 50 per cent, 
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necessitating the singing of two 3’s in succession, this tendency meets 
with resistance. This resistance has been mentioned before, in con¬ 
nection with the general rule that, in the rhythmic song, the same 
phrase is never sung twice in succession, and also in connection with 
the tendency to alternate a gliding with a nongliding phrase. Among 
all the individuals on record, there was only one who composed long 
strings of a regular sentence containing more than 50 per cent of 3’s; 
that was Yanney’s First, and his sentence 3133132 was explained in 
detail on a previous page. Saunders's Ninth was less successful in 
getting his surplus 3’s into strings of regular sentences; he became 
confused; consequently he often combined two 3’s into one con¬ 
tinuous sound and after he had tangled the 3’s together, he sometimes 
tangled the l’s with the 3’s. That is Craig’s explanation of the 
origin of his remarkable combination phrases. 

Saunders, on the other hand, explains the peculiarities of his Ninth 
by the hypothesis that this individual was inventing new phrases 
and thus adding new beauty to his song. Mr Saunders writes: f T 
do not think that to argue that a bird composes is being anthropo¬ 
morphic. I believe that the great human composers compose simple 
melodies more by instinct than by reasoning. I still believe my Ninth 
was a genius and a composer and I have data on other individual 
birds of other species that indicate the same thing.” 

Craig replies to Saunders: I think there is truth in every one of 
your statements. We have here an example of the paradox which 
was mentioned before (page 68). The individual in question began 
his peculiar phrases unintentionally because he was stammering. But 
having got started on these new sounds he did mold them into pleas¬ 
ing musical form and thus add new beauty to his song. Since he 
repeated the same combination phrases again and again, sometimes 
in strings, there can be no questioning the fact that he did produce 
new little melodies which he repeated regularly. 

The sentence structure, in the songs of Saunders’s Genius, is 
extremely interesting, but we need two different kinds of records to 
bring it out! First we study the original records, in which all the 
combination phrases are shown in detail. In these records the com¬ 
position seems to be decidedly lacking in regularity, chiefly because 
of the irregular distribution of the various kinds of phrase 3— 
single 3’s, double 3’s, different kinds of double 3, and different com¬ 
binations of phrase 3 with phrase 1. Now as to the other kind of 
record: For each of the songs of Saunders’s Genius I have made 
a “simplified record,” in which two or more consecutive 3’s, of 
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whatever sort, are represented simply as one 3. The result is remark¬ 
able. As viewed through these simplified records, the composition 
of each song is extremely regular: about five-sixths of all the phrases 
in the rhythmic song are composed into strings of sentences and the 
sentences are notable for their length. The vast majority of the 
strings are of the sentence 3132, and the strings of this sentence 
are very long, the maximum being “(3132 thirty-four times).” These 
long strings prove that in this individual the tendency toward regular 
recurrence of the Ts, 2’s and 3’s was very strong. This strong 
tendency came into conflict with the tendency to sing about 62 per 
cent of 3’s, and the conflict caused the singer to stammer. 


INDIVIDUAL DIFFERENCES 

For our study of the song of the wood pewee the most important 
fact is that all individuals sing fundamentally the same song. All 
sing the same four phrases, all follow the same daily program, in¬ 
cluding the leisurely singing and the rhythmic song. And in the 
rhythmic song of every individual, the sequence of the phrases and 
sentences is determined by the tendencies which we have described. 
Some future investigator may wish to specialize on the individual 
differences, but in our study they are a minor matter; nevertheless, 
we are able to formulate some general statements about them. 

First, a reservation must be mentioned. We know very little about 
the ages of the pewees whose songs are on record. Therefore, the 
differences which we have found may possibly be due in part to 
a difference in age rather, than to a difference in individual traits. 
We shall tell all we know about the age factor in our next section, 
on life history. In the present section, on individual differences, we 
shall say no more about a possible age factor; let the reader make his 
own allowance for it. 

Now, except for the reservation concerning age, we have abundant 
evidence to prove that the differences we are about to mention are 
really characteristic of individuals: each individual pewee sings his 
own kind of song every morning; his individual traits persist through¬ 
out the season. There are about 32 individual pewees whose songs have 
been recorded on two or more mornings; of these 32, there are about 
10 whose songs were recorded on four or more (up to eight) morn¬ 
ings ; the evidence from all these records amply proves the persistence 
of individual traits. 
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The individual traits concern every characteristic of the singing. 
There are differences in the melodies of the phrases, as described in 
the preceding section of our paper. Other individual differences in 
the morning twilight song can be seen in the records (records 1-11), 
in the graphs (figures 6-9), in the tables of data (tables'7, 8) and 
also in tables 4 and S. The similarity between two morning twilight 
songs sung by the same individual can be seen by comparing the 
records of Yanney’s First for June 25th and August 3d (records 
6, 7) and the records of F. Test’s First for June 27th and August 
5th (records 10, 11). The maximum percentages of 3’s in these four 
songs were: Yanney’s, 56 per cent and 54 per cent; Test’s, 25 per 
cent on each of the two mornings. In close connection with the 
maximum percentage of 3’s we find that in each of the two Yanney 
records there were two predominant sentences, 313132 and 3133132; 
in each of the two Test records there was an extremely different 
predominant sentence, namely, 1312. 

An important question for the field observer (and also for the 
closet naturalist) is: How can I tell whether two records of the 
twilight song, made on different mornings, are from the same indi¬ 
vidual singer? 

If the two songs are heard in the same season, especially if they 
are not many days apart, it is usually easy to tell whether both were 
sung by the same individual. But if the two songs were heard in 
different years, the identity of the individual is usually doubtful. 

The principal evidence is from the place at which the twilight song 
is delivered. (However, there are a few known cases of an in¬ 
dividual changing, more or less, from the place where his twilight 
song was originally sung, especially if something disturbed him and 
he was restlessly moving about.) The next most important evidence 
is from unusual forms of the phrases; for example, in each of the 
eight morning rhythmic songs by Allard’s First, most of the 2’s had 
a double note added at the end, which has never been recorded for 
any other wood pewee, therefore this alone was practically enough 
to identify the individual (see Allard, ’34, p. 267). In our own work, 
when the evidence from these most certain criteria has been imper¬ 
fect we have taken into consideration all individual traits, of every 
sort. 

MUSICAL LIFE-HISTORY 

In regard to the songs of birds in general, it is known that the 
young male begins to sing at a very early age, but he sings at first 
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a “baby song,” which may be an imperfect rendition of the adult 
performance or may even be quite different from the latter. Unfor¬ 
tunately we know very little about the musical life-history of the 
wood pewee. We should very much like to know whether his song 
improves or changes at all from year to year and whether the 
individual differences persist from year to year. We shall give whai 
evidence we can from our records. 

There are at least six cases in which we believe that we have 
records from the same individual singer in different years. In five 
out of the six cases (that is, in all except Rickett’s Sixth) the records 
for different years are very much alike in percentage of 3’s, in the 
sentences and strings of sentences and in all other characteristics, 
indicating that the individual traits do persist from year to year/ 

A specially interesting case is that of Saunders's Genius. It 
may *be regarded as certain that the three records made in 1929 and 
the one in 1930 are all from the same individual. In 1930 the place*’ 
where he sang the morning twilight song was “a little more than 
two-fifths of a mile” distant from where he sang it in 1929, The 
record made in 1930 is very similar to those made in 1929; indeed, 
in almost all respects the similarity is as close as if the records had 
all been made in one season, thus giving clear evidence of the per¬ 
sistence of individual traits from year to year. Mr Saunders .found 
that in the course of one season, and also from one season to the 
next, this bird improved and perfected his peculiar combination 
phrases. On June 30, 1929, he sang two new combination phrases 
which were not heard on June 19 and 24. In 1930 he sang at least 
four of the combination phrases of 1929 and added one new one, 
a very complicated one (figure 20). 

The case of Rickett's Sixth is exceptional among our six or more 
cases in that the character of his song in the second year, 1930, 
was quite different from that in the first year, 1929. For each of 
the two years we have one complete record and one record which is 
incomplete at the beginning. The complete record of each year is 
here reproduced (records 8, 9). We are almost certain that the 
records of 1930 are from the same individual as those of 1929; there 
are several lines of evidence, the strongest being that from the loca¬ 
tion and movements of the bird, which were the same on all four 
mornings and are described as follows: At a certain point, A, his 
daytime singing is always heard, and also the “preliminary phrases” 
(of the prelude) of the morning twilight song. His rhythmic song is 
always heard at a point, B, a hundred yards away. “We can’t see 


From the digital collections of the New York Stc \ Library. 



SONG OF THE WOOD PEWEE 


125 


him; he sings in a cluster of very tall trees in thick woods.” At the 
end of his rhythmic song f ‘he always stops abruptly, and a minute 
later we can hear him again at A, where we have never heard a 
morning rhythmic song and where he sings all day. We listened 
carefully [in both years] and could hear no other pewee anywhere 
near here.” 

Now as to the character of the twilight song of this individual 
in the two years: In 1929 the maximum proportion of 3’s was 42 
per cent on both mornings; in 1930 it was 51 per cent on June 23d 
and 50 per cent on July 2d; thus it showed constancy in each year 
and a large difference between the two years. In accordance with 
this difference in the maximum proportion of 3’s there was a great 
and distinct difference in the sentences, as can be seen clearly in 
records 8 and 9. Since we have only this one case of an individual 
singing different songs in two different years, we can of course draw 
no certain conclusions, but we make the following suggestions. Per¬ 
haps in the year 1929 Rickett’s Sixth was a young bird, a yearling 
and his song was slow; perhaps in 1930 his song had become quicker. 
The difference in rate would account for the difference in percentage 
of 3’s, and this in turn would account for the difference in the 
sentences. But if this explanation is correct, it casts a shadow of 
doubt over all the “individual differences” which we have discussed 
in our paper: perhaps to a certain extent these are not “individual” 
differences but differences due to age. 

SONG OF THE FEMALE 

It is known that in many species of birds the female sings. Usually 
her song is inferior to that of the male, being shorter, less loud and 
less perfect in form, but in some species the females sing almost as 
well as the males. In songbirds in general, the male spends a great 
deal of his time in singing but the female sings very seldom. These 
facts have been learned largely from captive birds, as it is difficult 
to hear the song of the female in the wild state. Saunders (’29, 
p. 17) has summarized what little is known as to the singing of the 
females of American birds in a state of nature. In regard to Euro¬ 
pean birds, more has been written on this topic. 

Haecker (’00, p. 23-28) tells us that every female bird has a vocal 
organ. In the great songsters, the female organ is less developed 
than that of the male, 'both the muscles and the skeletal parts being 
thinner, but her organ is quite capable of producing song. For 
example, in the European bullfinch, the sexual dimorphism is very 
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pronounced, yet bird fanciers have found that the female can be 
trained to sing as well as the male. 

In the blond ring-dove, a mated female coos little; a female who 
is left unmated for a long lime is likely to coo more and even to 
give the display coo (the bowing-coo). The female mourning dove 
sings a little and her song can have a powerfully stimulating effect 
on the male (Craig, ’ll, p. 404). 

In the literature on bird song, too much emphasis has been placed 
upon the fact that the males sing more than the females. In the 
present study, as we are interested in the song chiefly as music, the 
difference between the sexes is unimportant for us. The important 
fact for us is that, when the female does sing, her song has musical 
form; in most cases it has the same form as the male’s and in some 
cases it is even as perfect as the male’s song. 

In many species of birds, the female answers the male when he 
sings. In some species her notes are of a chattering sort, but in 
other species she answers his song with her song. We shall speak 
of this later in connection with "responsive singing.” And when we 
come to consider the whole family Tyrannidae, we shall quote Hud¬ 
son, who shows that in the South American tyrant-birds mutual 
display or responsive singing by male and female is common to many 
species. This fact makes it doubly interesting that there is some 
evidence for responsive singing by male and female in the wood 
pewee, as will be seen in the following quotations on the song of 
the female. 

In the published literature on the wood pewee there is only one 
mention of a female singing, in a paper by Mrs MacLoghlin ('26). 
She visited a pair of pewees daily in an orchard at Hamilton, 
Ontario, where she could see both birds plainly and she heard them 
both singing. One, which she took to be the male, sang only phrases 
1 and 2 [in the daytime]. The other, believed to be the female, sang 
only one phrase resembling phrase 3 but "slightly different.” This 
one phrase was repeated "every two seconds” during a long period; 
in that respect it was like phrase 4, not phrase 3. The mother bird 
sang this phrase "all clay with little interruption,” from July 25th, 
when the nest was found with two young in it, until July 29th, when 
the nest was found empty. If Mrs MacLoghlin is correct in these 
observations, that female sang more than any other that has been 
observed and was perhaps abnormal. 

Mr Saunders, on June 17, 1926, at the end of a record of the 
morning twilight song by his Second individual, made the following 
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observations: After finishing his rhythmic song, the male flew back 
to the perch where he had sung the prelude; there, and at other 
points in the wood, he began the daytime singing. Near the point 
where the prelude had been delivered, “just before 1 left, I heard 
a second bird, singing softly 3332333 2, but it was so mixed 
with the daytime singing of the first bird that I could make no 
definite record. I think it was the female, possibly on the nest. It 
seemed to have a ventriloquial effect and I could not locate the bird.” 

Professor Yanney, on July 14, 1926, after making a complete 
record of the morning twilight song of his Second, added the fol¬ 
lowing note: “As I was about to leave, I caught notes very similar 
to 3’s coming from some distance to the north. I hastened thither, 
near enough to find them unmistakably such. [However, they may 
have been phrase 4.] I heard perhaps 50 or more of the 3 J s but 
only two or three l*s and also two or three 2’s.” Again on July 31st, 
after making a complete record of the morning twilight song of his 
Second, Professor Yanney wrote: “As I was leaving, I heard, to 
the north, what seemed like two individuals, one uttering Vs and 2’s, 
the other only 3’s. I arrived on the scene at 5.02 a.m. and found 
my impressions correct. There were frequent-abortive phrases be¬ 
tween successions of 3 5 s. The last 3 I heard was at 5.09 a.m. I left 
at 5.17 a.m.” Professor Yanney did not suggest that the phrases 
might have been sung by a female, but his observations are clearly 
similar to those of Mr Saunders and Mrs MacLoghlin. 

These few notes tell all that we know about the song of the female 
wood pewee. 

COMPARISON WITH OTHER SPECIES OF BIRDS 

THE FAMILY TYRANNIDAE 

The wood pewee' is a member of the family Tyrannidae, the 
tyrant-birds (or simply “tyrants”). This family is chiefly South 
American, with more than 400 species in the southern continent; the. 
North American representatives are a mere side branch of the 
family. The species found in the United States are called “fly¬ 
catchers,” but this term is not applicable to all species; that is one 
reason why I used the broader term, “tyrant-birds”; another reason 
is to avoid confusion with the “flycatchers” of the Old World, which 
are an entirely different family. Tyrants of all species use their 
voices a great deal, showing that they are decidedly ear-minded. 
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though not always musical. The daytime singing of some species is 
loud and harsh; but this is probably connected with the fact that 
the tyrant-birds are extremely pugnacious the male spends a great 
part of the daytime in driving other birds away from his territory. 
We shall first make a very brief survey of the songs of the various 
species; then we shall point out that the general characteristics of 
the twilight song are common to the twilight songs of many members 
of the family. 

We shall begin with the species of the northeastern United States, 
because these are familiar to most of our readers. The song of each 
of the nine species is described by Saunders in his Guide to Bird 
Songs (’35), and Brand furnishes a reproduction of the songs of the 
phoebe, alder flycatcher (Empidonax trailli) and wood pewee on 
one of the phonograph records published with'his first book (’34). 
The song of each species is different from all the others; indeed, the 
species are far more distinct from each other in their voices than in 
their appearance and this distinctiveness of the songs doubtless is 
connected with the fact that each species uses its daytime singing as 
a territory call Daytime singing is described by Saunders for all 
our flycatchers except the kingbird and the crested flycatcher. In 
dealing with these two garrulous birds, he speaks of the sounds they 
make in the daytime, not as “songs” but as “calls.” It is possible, 
however, that some of these “calls” are homologous with the songs 
(or phrases) of the more musical species. The kingbird indulges in 
a flight song, and the phoebe occasionally does so; the same is true 
of the wood pewee and the chebec, or least flycatcher, as we have 
mentioned before. The morning twilight songs of our kingbird, 
phoebe, wood pewee and crested flycatcher are described by Saun¬ 
ders (’35; "29, p. 65), and it is probable that some of our other five 
species also sing a twilight song. The twilight song of the kingbird 
was described first by Olive Thorne Miller (’90), then by F. H. 
Allen (’22) and Hausman (’25) ; that of the crested flycatcher by 
F. H. Allen ( J 22) and by Mrs Nice (’28, ’31). 

In regard to the songs of the western wood pewee and other fly¬ 
catchers of the western United States we have an article by Dr 
Loye Miller ( 5 39). Doctor Miller has kindly given me permission 
to reproduce the entire article as follows. 

Song of the Western Wood Pewee.— In ‘The Ault* (50:174-78) 
for April 1933, Dr Wallace Craig gave an interesting presentation of 
his work on the wood pewee’s song. More recently, in a letter to me, 
he has asked some questions regarding the performance of the western 
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species, Myiochanes r. richardsoni. He urges that my reply to his 
letter be published for the use of interested students. I am glad to 
comply with the request. 

Certain results of one's listening may be put into black and white 
(without a sound track) but the ultimate is not attainable in that 
medium. However, my ruminations may be recorded in part as 
follows: (1) Twilight songs have been recognized in the following 
western flycatchers: western and CassiiTs kingbirds, Arizona fly¬ 
catcher, ash-throated flycatcher, olivaceous flycatcher, Coues' fly¬ 
catcher, western wood pewee, vermilion flycatcher. (2) These songs 
differ from the regular daytime notes in their more varied content as 
a rule and in being an almost continuously flowing sequence of single 
notes or phrases of notes. (3) They are often given either morning 
or evening, but are most marked in many species at dawn. (4) In 
black phoebe and vermilion flycatcher, the song may be given at any 
time of day and is accompanied by rhythmic tail display in phoebe or 
by special flight pattern in vermilion flycatcher. (5) These twilight 
performances appear to be true songs in that they seem to be emo¬ 
tional expressions whereas some elements of the sequence may be 
used during the day for other purposes, for example, sequestration 
notes. (6) In the case of the western wood pewee, an effort to record 
the dawn song gives the following result: 

tszvee-tee-teet \ tswee-tee-teet \ bsezv 

(triad) | (triad) | (slur) 

The tswee-tee-teet is designated as a triad, it is once repeated and 
is then followed by bsew, a downward slur, which completes the 
pattern of three equal measures. This pattern is then repeated with¬ 
out interruption of rhythm for an extended and metronomic per¬ 
formance. Each measure lasts for about one and a half seconds. The 
triad is a rising sequence with the strong accent on the first note. 
The slur is a downward slide equivalent in length to the three rising 
notes of the triad. The tone quality of the triad notes is entirely 
different from that of the slur, the latter being a roughened buzz, 
whereas the former are clear and sweet. (7) The downward slur 
is the part of the song which is used during the brighter parts of 
the day as a possible sequestration note and it is then given singly. 
Notes of the same general nature as those of the triad may be used 
about the nest or when two birds approach closely. They are, how¬ 
ever, not identical with the song elements. (8) A diagram of the 
song might be sketched thus: 



The Wood Pewee sings either at morning or at evening and i 
can not see any difference in pattern between the two. The vermilion 
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flycatcher may perform in the middle of the night, but I have not 
heard the wood pewee when there was not at least some faint flush 
of daylight.—Loye Miller, University of California at Los Angeles. 

This short article by Doctor Miller summarizes an immense . 
amount of field observation, and it tells practically all that is known 
of the twilight songs of the flycatchers of the western United States, 
except that Mrs Nice (’28, ’31) has added two species to the list of 
twilight singers, namely, the Arkansas kingbird ('28) and the scissor- 
tailed flycatcher (’31) and she has described the song of the latter.* 

There are obvious and apparently indubitable homologies between 
the phrases of the western wood pewee and those of our eastern 
species. (When our wood pewee, M. virens 3 is'given its complete 
vernacular name it is called the eastern wood pewee, to distinguish 
it from the western wood pewee, M. richardsoni.) Phrase 1 of our 
wood pewee is totally absent in the western species. Phrase 2 of 
our bird is represented by the bsetv of the western bird, and I shall 
refer to that bzczv hereafter as "the slurred phrase” or "the daytime 
phrase” of the western wood pewee. Phrase 3 of our species is 
represented by the tswee-tee-teet of the western species, and I shall 
refer to that tswce-tee-tcet hereafter as "the rhythmic phrase” of the 
western wood pewee. 

Passing to South America, we shall quote from the works of 
W. PI. Hudson, In his chapter on "Music and Dancing in Nature” 
(’92, p. 270) he says: 

The tyrant-birds, which represent in South America the fly¬ 
catchers of the Old World, all have displays of some kind; in a 
vast majority of cases these are simply joyous, excited duets between 
male and female, composed of impetuous and more or less confused 
notes and screams, accompanied with beating of wings and other 
gestures. In some species choruses take the place of duets, while 
in others entirely different forms of display have been developed. 

In his Birds of La Plata (’20, vol. 1) Hudson gives charming 
popular accounts of the songs of about ten of the many species of 
tyrants which he describes. But I think I am correct in saying that 
the songs of the South American Tyrannidae have never been care¬ 
fully studied, and the question of their singing a twilight song has 
never been investigated. 

COMPARATIVE STUDY OF THE TWILIGHT SONG 

Now we are going to make certain comparisons between the sing¬ 
ing of the wood pewee and that of other species, not only of tyrant- 
birds, but of song-birds in general, In some of the comparisons 
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with tyrant-birds we can point out homologies ; for example, when 
we say that phrase 2 of our wood pewee represents the slurred 
phrase of the western wood pewee we mean that these phrases in 
the two species have been evolved from the same phrase in a common 
ancestor. But when we point out similarities in the singing of 
remotely related birds, these can be only analogies, similarities in 
function; for example, some species of doves sing more continuously 
in the early morning than at any other time of day, showing a simi¬ 
larity to the twilight singing of the wood pewee, a similarity in use 
of the voice, but it is probable that the evolutionary origin of twi¬ 
light singing in doves and pigeons was independent of that in the 
passerine line of descent. 

The characteristics of the twilight song, which we have described 
in the case of the wood pewee, are present in general in all twilight¬ 
singing species of the Tyrannidae, and to a certain extent in all 
songbirds. 

One of the most fundamental characteristics, common to all the 
twilight-singing Tyrannidae, is that the morning twilight song is 
continuous, and it continues for a long time. Saunders states (’35) 
that the morning twilight song of our kingbird continues for about 
half an hour, and (’29, p. 66) in a morning twilight song of the 
phoebe he "counted nearly 600 phrases, sung almost continuously.” 
Similar continuity is well-known in the twilight songs of many 
song-birds, Oscines and others, but not in all species, for some never 
sing a long-continued song. 

Another characteristic is that the wood pewee begins his morning 
singing with a "prelude,” which is somewhat different from the 
song that is to follow, and starts very slowly, gradually gaining 
speed. This feature is observed in a great many species, perhaps in 
all those that sing a long-continued twilight song. 

The tendencies exhibited in the wood pewee's twilight. song are 
present in the twilight songs of the other species. We shall speak 
of the principal tendencies, one at a time. 

The tendency to quick tempo is present in all twilight songs of 
the tyrant-birds. Nice (’31) measured the rate of many morning 
songs of the crested flycatcher and found that "the typical rate” for 
several individuals was 28 to 30 phrases per minute, but in one 
individual the rate rose to 35 per minute. These figures correspond 
closely to those observed for the wood pewee and indicate that the 
crested flycatcher, like the pewee, sings a phrase with every breath. 
It is a general rule for almost all songbirds that the rate of singing 
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is comparatively rapid at dawn and sometimes also at sunset, but 
comparatively slow in the daytime. The domestic cock furnishes a 
familiar example. 

The tendency to regular rhythm is present in many, perhaps all, 
of the twilight-singing tyrant-birds. Hence, in the case of each 
species we can speak, not only of “the twilight song,” but more 
specifically of “the rhythmic portion of the twilight song” or, for 
short, “the rhythmic song.” The tyrant-birds evidently are special¬ 
ists in rhythm. Most songbirds produce some rhythmic songs, but 
of comparatively short duration. Everyone has heard rhythmic pas¬ 
sages in the song of the canary. Tyrants maintain a rhythm with 
very little interruption for 20 to 30 minutes or even longer. 

Then there is the tendency to use special rhythmic phrases when 
singing rapidly. The kingbird, crested flycatcher, phoebe, eastern 
and western wood pewees all have rhythmic phrases which they have 
developed for use in their rapid rhythmic song. The phoebe is a 
little different from the others in that he uses his rhythmic phrases 
in his daytime singing as well as in his rhythmic song. (In formu¬ 
lating this tendency for the wood pewee we said that he sings a 
higher proportion of 3 J s when singing rapidly; we do not know 
whether this particular formula holds true of any other species.) 

The tendency to alternate two or more different phrases (or the 
tendency toward “regular recurrence” of the different phrases) is 
present in many species. Alternation of phrases has been described 
in detail by various writers in the twilight songs of five species of 
tyrants, namely, the kingbird, crested flycatcher, phoebe, eastern and 
western wood pewees. The clear-cut and long-continued alternation 
exhibited by these tyrants is not found in any other family of birds, 
so far as I know. On the other hand, the best singers among the 
Oscines have a more complex form of regular recurrence, which 
we shall point out below in connection with the “sentences,” 

The “sentences” are a conspicuous and interesting feature of the 
wood pewee's song, although we showed that they are a secondary 
phenomenon resulting from the tendencies, especially the tendency 
toward regular recurrence of the three different phrases. The rhyth¬ 
mic songs of the kingbird, crested flycatcher, phoebe and western 
wood pewee may all be said to contain sentences, although in each 
case these consist of only two different phrases. (Mr Saunders tells 
me that the crested flycatcher sometimes uses three different phrases, 
as the wood pewee does.) It is probable that sentences or something 
analogous to them could be found in all long-continued songs, except 
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those that consist of a single phrase, for example, the whippoorwill's 
song. Here is a great unexplored field awaiting investigation by 
a competent student of bird songs. If you examine the data on 
“order of singing” of the phrases of the wood thrush in figure 73 in 
Saunders's Bird Song (’29, p. 173) you will detect some very inter¬ 
esting sentences. For example, there is a sequence of phrases be¬ 
ginning with Aik, and approximately this same sequence is repeated 
several times in the record; it is a very long sequence, occupying 
something like a half minute of time. And if you examine Saun¬ 
ders's figure 71, Song of the Hermit Thrush, you will find sentences 
there also, though not quite so striking. The sentences in these two 
thrushes' songs are very complex, but they probably result from ten¬ 
dencies to equilibria such as we found in simpler form in the song 
of the wood pewee. 

The account which we gave of the hours for the wood pewee's 
twilight song can be applied widely, not only to other species of the 
Tyrannidae but to almost all songbirds. We showed this when we 
discussed the hours. At this point we shall merely add that, just 
as the wood pewee is one of the earliest of all our songbirds to sing 
his first waking phrase, our other flycatchers also are early singers; 
for example, the alder and olive-sided flycatchers, the phoebe and 
least flycatcher as observed by Wright (T3) and the kingbird as 
observed by Wright and also by Allard ('30, figure 4), 

In conclusion, this brief comparison of the wood pewee with other 
species shows that the findings of our statistical study of the wood 
pewee's song can be applied to a very great extent to many species 
of the family Tyrannidae and to a considerable extent to songbirds 
in general. 

EVOLUTION OF THE WOOD PEWEE'S SONG 

In the light of all the facts that have been given, we now propose 
to point out some inferences regarding the evolution of the wood 
pewee's song. We must be cautious in drawing such inferences. We 
shall make no attempt to cover the entire evolution of the song of 
this flycatcher, but shall confine ourselves to a few particulars con¬ 
cerning which we have clear evidence. We should like to know the 
age of the family Tyrannidae, but paleontologists are chary of esti¬ 
mating such ages in years; it might be twenty or thirty million years, 
who knows ? 

The wood pewee's phrases are specifically different from those 
of any other species and therefore may be regarded as a compara- 
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tively recent acquisition, with an antiquity measured only in thou¬ 
sands of years instead of millions. 

One of the most interesting conclusions derived from this study is 
that the tendencies are older than the phrases. The tendency to quick 
tempo, the tendency to regular rhythm, the tendency to sing rhyth¬ 
mic phrases (like phrase 3) when singing rapidly, the tendency 
toward an alternation or regular recurrence of the different phrases 
—all these were present in the wood pewee’s line of descent before 
the singers developed those particular phrases which our pewee uses 
to-day. Hence we are led to the further conclusion that the phrases 
of the song developed m adaptation to the tendencies, or under the 
influence of the tendencies. For example, the wood pewee’s phrase 
3 (characterized by rhythm, and lack of finality) has been evolved 
because it is musically suitable for singing in a continuous rhythmic 
song. Other species also, including the kingbird, crested flycatcher, 
phoebe and western wood pewee, have evolved special rhythmic 
phrases for use in their rhythmic songs. The wood pewee’s phrase 
2 (which has finality, but no distinct rhythm) has been evolved for 
use in the leisurely daytime singing, for which it is musically suitable. 
Phrase 1 partakes somewhat of the nature of both phrase 3 and 
phrase 2. The general principle that the phrases have evolved under 
the influence of the tendencies has a wide application among song¬ 
birds. Some of these tendencies are characteristic of the species, 
genus, family or order; but it is an interesting fact that there are 
many important tendencies and habits which are common to all 
songbirds. 

Now we shall speak specifically of the evolution of the song of 
the eastern wood pewee. We believe that this species evolved from 
an ancestor whose song resembled that of the western wood pewee; 
that phrase 3 of our bird is homologous with the rhythmic phrase 
of the western species; that phrase 2 of ours is a homolog of the 
slurred or daytime phrase of the western species, and that phrase 1 
of ours is a new phrase, evolved since the two species separated. 
(Perhaps the evolution of phrase 1 proceeded contemporaneously 
with the gradual separation of the two species.) There are several 
reasons for believing that our bird is the derived form, and that 
the western bird is more like the ancestor. First, since our bird has 
three different phrases in his rhythmic song and two in his daytime 
singing, this indicates that he is more highly specialized than the 
western species, which has only two different phrases in the rhyth¬ 
mic song and only one phrase in the daytime singing. Second, the 
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daytime phrase of the western wood pewee is harsh, like the day¬ 
time phrases of many other tyrants; the homologous phrase (phrase 
2) of our bird is sweet and musical. In this and other respects our 
bird is far more advanced musically. Third, the ancestors of these 
birds probably came from South America by way of Mexico; there¬ 
fore the western species lives nearest to the ancestral home and 
lives in a type of country (mountainous, dry) similar to the habitat 
of the ancestors in Mexico. 

We shall speak briefly of the evolution of each of the four differ¬ 
ent phrases which our pewee sings. Evidently phrase 2 and phrase 
3 are both very ancient, since both are represented in the western 
wood pewee. Of these two phrases we can not say that one is more 
ancient than the other. Both phrases have persisted for many thou¬ 
sands of years; they probably originated long before the time when 
the eastern and the western wood pewee became separate species. 

Phrase 1, as we have suggested, is a new phrase, peculiar to the 
eastern species. Evidently phrase 1 evolved as a modification or 
elaboration of phrase 2; we believe this because the two are so much 
alike and also because intergrades between the two are rather com¬ 
mon. Most of the descriptions of the intergrades mention only the 
endings of the phrases; but Professor Swanson noted, in the songs 
of his First individual, intergrades between phrase 1 and phrase 2 
in regard to the grace-note. Phrase 1 probably originated as a com¬ 
bination phrase; it was phrase 2 with something added to it, but I 
do not know whether this added portion came from phrase 3 or 
phrase 4. Although phrase 1 is a new phrase, it is now used far 
more often than phrase 2. (That is how it came to be designated 
as “phrase IT) The chief reason for its frequent repetition is 
probably that phrase 1 is very distinctive, very different from any 
other bird utterance that is heard in our region and hence most 
useful as a territory call. 

Phrase 4 is exactly like the last two notes of phrase 1. For this 
reason and because several observers have noted intergrades between 
phrase 4 and phrase 1, I have no doubt that the evolutionary his¬ 
tories of these two phrases are bound together. But I shall present 
two opposite hypotheses in regard to that history and I do not know 
which is correct. The first hypothesis is that phrase 1 is the older 
of the two, and that phrase 4 was derived from it. The second hy¬ 
pothesis is that phrase 4 is an ancient primitive phrase, and that 
phrase 1, evolved as a combination of phrase 2 with phrase 4. Our 
doubt between these two hypotheses illustrates the fact that a mere 
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resemblance between two phrases is not a sufficient basis for in¬ 
ferring their history. We must be very cautious in all inferences 
concerning evolutionary history. 

EVOLUTION OF SONG IN THE PASSERIFORMES 

Why is it that some birds sing and some do not? A complete 
answer to this question would involve many factors. We have space 
enough here to mention only one factor, which is concerned with 
the distance between neighboring pairs of breeding birds. Where 
wood pewees are breeding in a favorable region, the distance be¬ 
tween the singing males is something like one or two hundred yards 
(iio one has ever made exact measurements of it). Consequently, 
each male can easily hear his neighbors and answer them, but always 
at a distance. This is an ideal condition for the development of 
song, as we shall point out later under two different headings, “Terri¬ 
torial singing" and “Importance of distance." The differences be¬ 
tween different kinds of birds, in this matter of distance, go far to 
explain why certain birds have evolved territory songs and other 
birds have not. 

In most species of the order Passeriformes, the “perching birds," 
the breeding distance is favorable for the development of territorial 
singing, and this is one of the chief reasons why'the Passeriformes 
have become the greatest songbirds. Hawks and kingfishers do not 
singj because the breeding males live so far apart that they could 
not hear each other or at best they could not hear clearly. At the 
other extreme, many sea birds (gulls, pelicans etc.) nest in dense 
colonies in which the nests are only a few feet apart; no song is 
necessary! But the “perching birds" have a mode of life which 
usually results in their breeding at moderate distances 1 ; hence, nearly 
all of them are singers and in this statement I include not only the 
Passeres but also the Tyrannidae. Their habit of singing is certainly 
very ancient; it probably was present at the very beginning of their 
evolution as an order; their song habits and their perching and nest¬ 
ing habits evolved concomitantly. 

Of course there are other songs besides that which serves for 
defense of territory; the songs of birds are of several different types, 
each serving a different function, the three that are best known being 
the territory song, the mating song and the twilight song. I do not 
know which of these three is the oldest (but see Saunders, ’29, p. 
123-24). All three are widespread among both the tyrant-birds and 
the Passeres and probably all three were present in the common 
ancestor of these suborders. 
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The evidence indicates that the ancestors of the Passeres were 
songbirds with rather highly developed songs and singing habits, 
long before the evolution of the special oscine type of syrinx which 
we now know in the suborder Passeres. The evolution of the special 
oscine syrinx has been, from the very beginning, under the influence 
of the birds' singing habits. 

Lest any reader might think that this is putting the cart before 
the horse, I will explain further. There is no living species of bird 
without a vocal organ. In all birds, the voice and the vocal organ 
have of course developed concomitantly. It is one of the funda¬ 
mental principles of biology that function and structure evolve to¬ 
gether. But in a great many cases the function is older than the 
structures which serve it in the animals (or plants) that are living 
today. Brues (’39) has pointed this out in the case of insects. He 
states that many lines of morphological evolution owe their origin 
and direction (through natural selection) to certain instincts which 
have persisted through long ages of evolution. The point is well 
illustrated in the ceremonies of birds, in which special plumes or 
color patterns are displayed, as in herons, ducks and grebes. Lorenz 
('35, p. 184; ’37b, p. 254) has given evidence to prove that in many 
such cases the bird's behavior is of greater antiquity than the plumes 
and color patterns which constitute the “organ" of the display. In¬ 
deed, Lorenz ('35, p. 319) suggests that the ceremony is always 
older than the organ. The same conclusion has been suggested, 
though briefly, by others who have studied the birds' ceremonies 
(Finn, '19, p. 270; Palmer, '41, p. 63). Plenty of additional ex¬ 
amples could be found, in both animals and plants, in which function 
is older than structure. Therefore when we say that the special 
anatomical features of the oscine syrinx evolved under the influence 
of song habits which were far more ancient, this is in harmony with 
many other cases of biological evolution. 

PSYCHOLOGY OF THE PEWEE'S SONG 
EVIDENCE OF MEMORY 

How much does the wood pewee know about his own song? To 
what extent is he intelligently aware of it? This is a very large 
question, and we shall not attempt to answer it completely. We shall 
assume that the bird hears each phrase as he sings it. But we shall 
discuss the question whether he has any awareness of the order of 
succession of the phrases, because this question is closely connected 
with our data. 
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When an uncritical observer hears the pewee sing his phrases 
again and again in a regular sentence, such as 3132, he is likely to 
give an anthropomorphic interpretation of the matter, assuming that 
the bird composed this sentence in the first place and that he now 
remembers it and repeats it knowingly. Henry Oldys made this 
assxunption quite naively. But we have shown from our data that 
the sentences are a necessary result of the tendencies, they are not 
deliberately composed by the pewee. However, this does not com¬ 
pletely solve the problem. The first time a pewee sings his phrases 
in the order 3132, he does so under the influence of the tendencies 
which are more or less unconscious. But when he has sung them 
in that order, does he perceive that he has done so ? Can he remem¬ 
ber that sentence and attempt to repeat it ? In formulating this ques¬ 
tion, a psychologist will prefer to omit all reference to consciousness 
and ask simply: Do the sentences become habits? (It is important 
to notice that in this psychological section of our paper we are using 
the word habit in its psychological sense of an activity which the bird 
repeats because he has had past experience with it; habit is con¬ 
trasted with instinct which is inborn.) 

The problem needs to be given a quantitative formulation: What 
is the extent of the bird’s memory span? Can he remember a sen¬ 
tence of four phrases? Or of only three? Or only two? Has he 
any perception at all of the fact that one phrase is followed by a 
certain other phrase? 

We shall consider first the evidence against the habit theory, the 
evidence which indicates that the sentences are purely instinctive, 
not habitual. We have shown (page 66) that the sentences are ex¬ 
plained by the tendencies and (page 68) that the tendencies must 
be largely unconscious. 

All the wood pewees, over the vast area of eastern North America, 
exhibit the same tendencies in their rhythmic song. When we find 
two individuals singing different sentences, for example, Woemer’s 
Third singing 3132, and F. Test's First singing 1312,,this does not 
prove that each individual exerts a "choice" in the matter. The 
probable explanation is that F. Test's sang more slowly and there¬ 
fore sang a lower percentage of 3's. 

When we discussed the seasonal cycle and the life history we gave 
evidence indicating that the pewee does not remember his sentences 
for any great length of time. We showed in detail that, in the case 
of Yanney's Second, the seasonal curve of the percentage of 3's is 
convex, with a rise until the first week in July and a decline there- 
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after,, Apparently when this bird was singing his morning rhythmic 
song On the 6th of July he did not remember the sentences which 
he had sung on the 23d of June. We gave evidence to prove that 
one individual (Rickett’s Sixth) in the year 1929 used only 42 per 
cent of 3’s, but in the year 1930 used SO to 51 per cent, and that his 
sentences changed accordingly, indicating that he did not remember 
his sentences from one year to another. 

Now we shall mention the evidence in favor of the belief that the 
wood pewee’s sentences may become habits (to a very slight extent) 
or that he has some beginning (no matter how small) of an aware¬ 
ness of the order of succession of his phrases. We have shown 
(under “variation of the phrases”) that in many cases the melody 
of a phrase varies according to the context in which it occurs. The 
most interesting case, for our present argument, is that of Saunders’s 
First, in whose rhythmic songs there were two forms of phrase 2, 
one form being used when the 2 followed a 1, and the other form 
when the 2 followed a 3. All such cases are of great interest in 
connection with the present problem, because they prove that while 
the pewee is singing a certain phrase he is under some influence from 
the phrase which he sang before it. 

The fact that a pewee sometimes stammers and the details of 
his behavior in stammering indicate that he has some sort of antici¬ 
pation of the phrase which he is about to sing. 

Combination phrases (which we described before) afford further 
evidence. Several observers have reported combination phrases 
which were frequently repeated by the singer, showing that they had 
become habits. The most interesting of these are the remarkable 
phrases of Saunders’s Ninth. When that individual sang the com¬ 
bination 331 he thereby gave proof that his memory span extended 
over three phrases. The proof is reenforced by the facts that he 
repeated the same combinations dozens of times within each rhyth¬ 
mic song, that he repeated them each morning in the season of 1929 
and again in the season of 1930 and that as time went on he im¬ 
proved his old combinations and developed others that were more 
or less new. 

In view of all the evidence for and against the habit hypothesis, 
the following conclusions seem to be justified: The wood pewee’s 
memory span may in some cases extend over three phrases; we 
have no proof 'that it ever extends over more than three phrases. 
Since the pewee’s most important sentence, 3132, contains four 
phrases, we have no- proof that he has any clear perception of that 
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sentence as a whole. In the morning rhythmic song, the order of 
succession of the phrases is determined by the tendencies, with little 
if any influence from habits formed in the course of the individual's 
experience. But these conclusions are certainly not set forth as a 
complete solution of the problem; they are merely a suggestion as 
to what can be inferred from our data. 

The conclusions thus formulated do not give the wood pewee 
much credit as a musical composer. But the facts summarized above 
in “favor” of the habit hypothesis are of the utmost importance, 
because they show that the pewee has made a beginning in the art 
of putting sounds together; in other words, he has made a start 
on the road that leads to musical composition. 

RESPONSIVE SINGING 

The daytime singing of the wood pewee no doubt functions as a 
territory song, attracting the female to the singer and warning other 
males to keep away. In studies of the territorial behavior of various 
species of birds (Howard, '20, p. 133; Nice, ’33, p. 94) it has been 
observed that each male answers with his song when he hears the 
song of another male of his species, I do not know that this be¬ 
havior has been actually observed in the daytime singing of the wood 
pewee, but it is safe to state at least that the pewee is alert to the 
singing of other males. 

Katz and Revesz (’21) have observed that when one cock crows, 
another answers—not at once, but after about ten seconds. After 
another ten seconds the first cock crows and so on for about a 
quarter-hour. In other cases the cock begins spontaneously and 
himself crows about every ten seconds. When a blond ring-dove 
hears another cooing at a great distance, he gives his perch-coo, re¬ 
iterating it three or more times; then he listens, coos again, listens 
again and so on. 

In many species of birds, when the male sings, the female answers, 
not with a song, but with some other utterance. When the male 
red-winged blackbird sings, the female answers with a loud chatter. 

But there are cases, as we have mentioned before, in which the 
female answers the male's song with her song. Mrs Whittle ('23) 
observed that when a female catbird was sitting on the nest, each 
time her mate sang she showed excitement and sometimes she 
answered him with a quiet but beautiful song. In birds of several 
different families, the female answers the male in such a manner 
that the voices of the two compose one continuous song and in 
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certain species the two voices compose a remarkably perfect duet; 
Chapman (’29, p. 275) describes such a duet in the wood quail of 
Panama, G. M. Allen ('25, p. 256) in several species of African 
bush-shrikes, and Skutch ( r 40) in a number of species of Central 
American wrens. Skutch (p. 295). says that the antiphonal song 
of the tawney-bellied wren is repeated "over and over again with 
great rapidity, and never a break in continuity, as though the sounds 
arose from a single throat” Hudson ('92, p. 270; *20, vol. 1), as 
quoted above, describes responsive singing by male and female 
tyrant-birds of several species, and, as we have mentioned, there is 
evidence of responsive singing by male and female, though not per¬ 
fect duets, in our own wood pewee. 

Henschel ( J 03) relates that a certain bullfinch learned to whistle 
"God save the king,” and a canary (in the course of some months) 
learned this air from the bullfinch. In some cases the bullfinch 
paused at the end of the first line, whereupon the canary took up 
the strain at that point and finished it. Waite ( 7 03) gives a careful 
description of an exactly similar performance by two Australian 
magpies (Gymnorhina tibicen, Latham). 

Oldys (W) reported that he once heard two wood pewees com¬ 
pose their phrases 1, 2 and 3 into a duet. Oldys was uncritical in 
his interpretations of bird song and it is likely that what he heard 
was nothing more than two pewees singing near each other, with 
some accidental coincidences in the timing of their phrases. But 
since there is evidence of responsive singing by the male and the 
female pewee there is need for further observation, very careful ob¬ 
servation, on this matter. 

THE QUESTION OF IMITATION 

The field naturalist should discriminate carefully between respon¬ 
sive singing and imitation. To get the difference clearly in mind, 
contrast a rooster with a parrot. Two roosters which answer one 
another with their crowing may be, for example, a Plymouth rock 
and a bantam. Although they answer one another, their voices are 
extremely different and neither tries to copy the voice of the other. 
By imitation we mean copying, as when a parrot copies human 
speech. 

There has been a great deal of discussion of the question whether 
songbirds inherit their songs or learn them by imitation. When the 
young field naturalist hears two birds sing songs that are more or 
less alike, he has a natural inclination to say that one bird is imitat- 
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ing the other. He needs to resist that inclination. The conclusion 
that one bird imitates another should never be drawn hastily. The 
question whether birds learn their songs by imitation can not be 
decided by field observation alone; it calls for experiment and even 
in the experiments the seeming, imitation must be judged very care- 
fully. 

The earliest experiments on this problem were performed in 
England in the 18th century by Daines Barrington (1773). He 
reared a number of linnets under skylarks, woodlarks and titlarks 
respectively as foster-parents, keeping them where they could hear 
no linnets at all. When the young linnets came into song they 
seemed to be singing the songs of their foster-parents, not that of 
their own species and Barrington concluded that their song is learned 
by imitation, not inherited. But similar experiments were tried 
(though on a smaller scale) by some other European naturalists 
(Kennedy, 1797; Blackwall, 1824; Rennie, 1833) and led more or 
less to the opposite conclusion. 

Conradi (’05) reared “English sparrows” (house sparrows) under 
canaries and heard the sparrows sing a song which he took to be an 
imitation of the canaries' song. But Sanborn (’32, p, 357), whom 
we shall quote presently, has repeated this experiment and shown 
that the song which the young sparrows sing is not an imitation of 
the canary song, it is “merely a rather continuous succession of 
sparrow chirps or trills, such as I have heard from wild English 
sparrows.” 

Scott ('01; '04) was the first who tried such experiments on 
American birds. He came to the conclusion that his birds learned 
their songs by imitation. Although Scott deserves great credit foi 
the time and effort he put on this experiment, Sanborn gives reasons 
for believing that his conclusions were wrong because he was not 
accurate enough in judging the song of each bird and comparing it 
with others. 

Sanborn ('32) has launched an investigation which is more mod¬ 
ern and more careful than any of- the previous ones. He has used 
a far greater number of birds than any of the earlier experimenters. 
He has had the songs of his experimental birds compared with the 
normal song of their species by several expert ornithologists and 
when possible has made phonograph records of the songs, saying 
(p. 363): “The matter can hardly be settled until we have objective 
records of these songs for careful comparison.” He has reared the 
young of the American robin, bluebird, red-winged blackbird, Bah 
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timore and orchard orioles, cardinal, indigo bunting and goldfinch 
in confinement where they could hear no adults of their own species 
but were surrounded by singing birds of alien species. Nevertheless, 
each of these young birds sang the typical song of its own species, 
proving that the song is inherited. 

Although these eight species all inherited their songs, it is prob¬ 
able that some. of them have also an ability to imitate, in slight 
degree. Every species of bird which imitates has also some inherited 
calls and almost all (perhaps all) have inherited songs. The only 
bird reared by Sanborn ('32, p. 356) Whose song was found to be 
different from that of its species was a brown thrasher, a member 
of the mockingbird family. Although Sanborn was not able to 
prove it from his one specimen, I am sure that the song of the 
thrasher is largely inherited. The ability to imitate is found in vary¬ 
ing degree in different species. The canary has this ability in mod¬ 
erate degree, for it can learn new phrases or even a simple air of 
human music, but it learns slowly and only when young. Metfessel 
(’40) has been conducting, since 1934, an extensive investigation of 
inheritance and learning in the song of the -roller canary. The ex¬ 
perimenter keeps each young canary from the time when it is still in 
the egg isolated in a sound-proof cage and every day, by means of a 
microphone inside the cage, he obtains a phonographic record of the 
sounds produced by the young bird. With this precise technic 
Metfessel has proved definitely that it is “not necessary for a male 
canary to hear his species song in order to produce it” (p. 185). 

It is safe to say that the wood pewee is not an imitator. Certainly 
the melody of each phrase is determined by inheritance, not imita¬ 
tion. The question arises: Is the order of his phrases determined at 
all by imitation? For example, when he hears his neighbor sing 
phrase 3, does this incline him to sing a 3 rather than a 2 or a 1? 
I think not. Some of our observers have thought that, in certain 
twilight songs, one pewee was copying the sentences of his neighbor, 
but these cases of apparent copying can be explained by the coinci¬ 
dences which must often occur when all individuals are singing the 
same three phrases and all are singing them under the influence of 
the same general tendencies. Inasmuch as the sentences are deter¬ 
mined by the tendencies, this precludes the possibility of imitation. 
Some of our observers have found neighboring pewees located near 
enough to hear each other, yet singing very different sentences (for 
example, Yl, located between Y2 and Y5). All the evidence leads 
to the conclusion that the wood pewee does not imitate. 
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ATTITUDE OF THE BIRD WHILE SINGING 

One of the chief conclusions drawn from our whole study is that 
the rhythmic song of the wood pewee (also his leisurely singing) is 
not emotional; it is true music, corresponding to “intellectual” music 
in the human species. Of course, the pewee is not very intellectual; 
his music is of a lower order than ours and comparatively mechani¬ 
cal, but while he is singing it he is in an unexcited state and is there¬ 
fore free to give his effort to the music. 

This conclusion is supported by observations on the attitude of the 
wood pewee while singing.» See our frontispiece (figure 1) by 
Edmund J. Sawyer; see also figure 19 (p. 47) in Saunders's Bird 
Song (’29). 

In his leisurely singing, during the rests between phrases, the 
pewee has often been seen to preen his feathers in a matter-of-fact 
way or to fly from his perch and catch an insect. His whole de¬ 
meanor expresses calmness, lack of excitement. The poet Trow¬ 
bridge made this observation and expressed it in the last stanza of 
his poem. 

Professor Yanney made an interesting observation on his Fourth 
individual during the singing of the twilight song. This individual 
now and then sang an abnormal phrase, resembling a prolonged 
phrase 1, or a combination of phrases 1 and 3. The bird could often 
be seen while singing, and on one occasion when it was in plain 
sight not more than 20 feet away Professor Yanney noted: “I could 
plainly see the extra effort it made” when prolonging phrase 1 into 
the abnormal phrase. 

BIRD SONGS AS ESTHETIC ART 
INTRODUCTORY REMARKS 

It is necessary here to furnish a brief, elementary essay on the 
musicology of bird song, because no one has ever done this before. 
There is a long line of authors, dating back at least to Athanasius 
Kircher in the 17th century, who appreciated bird song as music and 
endeavored to describe it as such. One of the best of these older 
works is Hoffmann (’08). But, for the scientific study of bird 
music, all that old literature has only a few grains of wheat among 
the chaff. Scientists have neglected this field because they have 
thought it difficult to obtain precise and unquestionable data. They 
have written volumes on the extraneous facts of bird song, discussing 
when and where birds sing and so on, but until recently they have 
written almost nothing on bird songs as music. 
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It is now possible to make a beginning in bird musicology, because 
of several new developments, of which I will mention four. First, 
there are more precise descriptions of bird songs in the field, this 
being chiefly the work of Saunders (’29, *35), who has put the whole 
study of bird song in America on a new and more scientific basis. 
Perceiving the inadequacy of musical notation for representing bird 
songs, he has developed an excellent system of graphs, supplemented 
by phonetics and descriptions of the sounds. In his Guide to Bird 
Songs ('35) he gives a description of the song of practically every 
land bird of the northeastern United States, with a graph for almost 
every species. A remarkable achievement! Voigt (‘13) has pro¬ 
duced a great work on the songs of the birds of Germany, but his 
graphs are not accurate like those of Saunders. 

The other new developments are: Second, mechanical recording, 
publication of phonograph records of bird songs (Brand, '34, and 
others) and of accurate graphs made from the mechanical records 
(Brand, '35, '38; Axtell, ’38; Ingraham, ’38; Metfessel, *40). Third 
is the statistical study of the song of the wood pewee. Fourth is the 
development of psychological esthetics, especially the psychology of 
music. 

For a general introduction to esthetics, see Parker ('20). For an 
introduction to psychological esthetics, see Chandler ('34). An older 
but very readable book on psychological esthetics is Gordon ('09). 

The principal conclusion from our entire study is that the song 
of the wood pewee is true music, it is “esthetic art’ 5 (I take this 
term from Ducasse, '29, p. Ill, 133). This raises the question: 
What is esthetic art ? What is music ? The answer can not be given 
in a few words. We know of no single criterion of the esthetic 
experience, and perhaps there is no single criterion (Pratt, '31, p. 
87, 98). All that we are going to say in this section of our paper, 
and much that we have said before, helps to elucidate the meaning 
of our statement that bird songs are true music. 

Music, whether of birds or men, always has form; it is never a 
mere outflow of emotion. The problem of the relation of music to 
the feelings is an old problem and a complex one; we can not go into 
it here; we have not space e.nough even to mention all that has been 
written on it. The beginner in the study of this topic should read 
Hanslick's enjoyable little book ('91). Anyone who seeks a thor¬ 
ough understanding of the relation of music to the emotions will need 
to read Pratt's book on “The meaning of music" ('31). 
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IMPORTANCE OF DISTANCE 

The various utterances of songbirds can be classified according to 
the distance of another bird toward whom the vocal behavior is 
directed, as shown in tabulated form in table 13. We shall speak 
of the two birds as the singer and the hearer. The table is intended 
to apply to songbirds in general. Since there is a good deal that is 
unknown about the song of the wood pewee, I have made use of a 
better-known bird, the blond ring-dove, or collared dove, Strepto - 
pelia risoria , which is a common cage bird. For a description of its 
songs and calis, see Craig ('09). 

In table 13, the types are arranged and numbered from 0 to 4, ac¬ 
cording to the distance from the singer to the hearer, type 0 being 
at zero distance. 

Glancing first at the last two columns in the table, we see that, in 
general, excitement varies inversely as the distance but the degree 
of freedom varies directly as the distance. These generalizations 
help to explain the observed facts concerning the art form of the 
different songs. 

The facts in question are briefly indicated in the columns headed 
“Vocal behavior,” “General character of song” and “Art form (or 
lack of it)” and they may be summed up in a general principle: 
The emotional character of bird song decreases with the distance of 
the singer from the hearer; contrariwise, its formal, that is, musical 
character increases with the distance from singer to hearer. This 
is due (let us say) to the influence of the hearer on.the singer. 
Conversely, regarding the influence of the singer on the hearer: songs 
at long range appeal to the intelligence of the hearer, for example, 
they serve to announce the location and species of the singer and 
sometimes his individual identity; songs at short range appeal to the 
emotions of the hearer, stimulating fear in an enemy, sexual emotion 
in the female. Huxley (’38, p. 14) has made a similar generalization. 

The pure songs (type 4) are described as “formal, often com¬ 
plex,” whereas the territory songs (type 3) are described as “for¬ 
mal, simple.” A territory song tends to be simple because this makes 
recognition easy. A pure song is free from this limitation, free to 
develop a variety of tones and phrases. 

As for the other extreme (type 0), when two birds act upon each 
other by direct contact they are very often silent. Although in their 
display fighting many species of birds do a great deal of singing, 
when they come to blows and a grim, physical struggle they are 
silent, as can be observed in pigeons and other familiar birds. The 
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CONTROL 
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kingbird is well known as one of the noisiest of birds in display 
fighting, but Hausman (’25, p, 323) tells that he once saw a kingbird 
alight on a crow’s back and ride for some distance, assailing it with 
fury and he adds: “During periods of such intimacy of attack few 
or no notes are uttered.” In some cases, struggling birds utter 
sounds of the nature of grunts, groans and screams (Whitman, 19b, 
p. 115, 119). All the facts under type 0 lead to the conclusion 
that when birds are most intensely excited they are not musical at all. 

The blond ring-dove, with his three kinds of coo, and his kah and 
other sounds, illustrates the importance of distance with almost 
diagrammatic clearness. His coos all have a musical tone resembling 
a “head-tone.” The several forms of his “kah” (so named because it 
sounds like kah-kah-kah-kah-kah) have a tone like a “chest-tone” 
and are altogether less musical, more like talking. His coo is his 
singing voice; his kah is his speaking voice. If we had complete 
knowledge of the songs and calls of the wood pewee, perhaps we 
should find that he illustrates the importance of distance as per¬ 
fectly as the blond ring-dove. In one respect the pewee is superior 
to the dove, that is, in having a special twilight song. The dove has 
no distinct twilight song; in the early morning he just sings his 
ordinary coo (perch-coo) with great frequency. 

All bird songs are esthetic art, but those at long range and those 
at short range are different types of art. Inasmuch as the songs 
at long range are formal, they are of the “classical” type, with 
beauty of “design.” Those at short range are “romantic,” with 
beauty of emotional “expression”; for example, mating songs. Again, 
songs of type 4 are “pure” esthetic art; those of types 3, 2 and 1 
are “applied” esthetic art. Some of the latter are very beautiful, 
but the songs which are aimed directly at another bird are usually 
of simple structure. Saunders (’29, p. 119), after years of intensive 
study of bird songs, comes to the conclusion that “the most beautiful 
and most perfect songs from a musical standpoint are not those sung 
under stress of great excitement. . . . Calmness and deliberation 
seem necessary for the production of the best music.” 

All the great, original, long-continued songs are of type 4; for 
example, the twilight songs of the wood pewee, of the hermit thrush 
and the wood thrush, the brown thrasher, the mockingbird, the 
nightingale. Songs sung in company may be very beautiful, but they 
are likely to be short, as in responsive singing, or imitative, as in, 
for example, the starling. In order to develop a long, original mu¬ 
sical composition the bird evidently must be free from interference, 
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hence isolated. He isolates himself in time by singing in the twilight 
hour, or even in the night. He may isolate himself in space by 
flying to a remote perch, as the wood pewee does, or by flying up 
into the sky, as the skylark. The names of birds, in some cases, 
convey a wealth of meaning: The two most celebrated songbirds are 
the nightingale and the skylark. Both these names connote isolation! 
Chandler (’34) treats isolation as one of the fundamental traits of 
the esthetic experience. 

The essential factor in all this matter is freedom. Distance in 
space and distance in time are conditions favorable to freedom. But 
the really necessary distance is psychological, it is "psychic distance/' 
Bullough (T9; or see Langfeld, ’20, p. 57, 75ff.) shows that psychic 
distance is an important criterion of the esthetic, and that it is some¬ 
what the same as "detachment” or "disinterestedness.” In bird psy¬ 
chology, spatial distance always brings psychic distance. In human 
psychology, the relation between spatial distance and psychic distance 
is not quite so close. 

EVOLUTION OF ABILITY IN SINGING 

The literature on the evolution of bird song is voluminous; for 
references to this literature, see Saunders ('29) and Darwin (74). 
Here we shall make no attempt to treat the entire problem; we shall 
mention only certain points relating to bird songs as esthetic art. 
Wundt (’04) gives a psychological interpretation of the evolution 
of animal voices. He says that as song developed in birds it came 
to express finer and finer feelings. Modern psychologists avoid 
speaking of the animal's "feelings,”' because we can not directly ob¬ 
serve them; nevertheless, I believe that Wundt had a true insight 
into the matter. 

The song as a growth. At a number of places in our paper 
we have mentioned that the song of the wood pewee, especially the 
rhythmic song, is a kind of growth. It will be well now to bring 
together the various points of resemblance between the song and 
other kinds of growth. The first vivid impression of the rhythmic 
song as a growth came to me when I analyzed it and discovered that 
it is a complex pattern which develops gradually in such a manner 
that it could not be deliberately composed, as illustrated in the graphs 
(figures 6-9) and the curve of the 3’s (records 6, 7), and as men¬ 
tioned in our discussion of "The nature of the tendencies.” Sym¬ 
metry is one of the common characteristics of growth in plants and 
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animals; in the song of the wood pewee we find symmetry both in 
small units, as in the sentence 3132, and in large units, as in the 
symmetrical relation between, morning and evening in the daily cycle. 
The regular recurrence of the Ts, 2’s and 3's is a particular case of 
the regular recurrence which is manifested, in one way or another, 
in every growth. The song is fundamentally alike in all individuals 
of the species, it is similar in related species, and in the evolutionary 
history it behaves like a morphological character. In all twilight¬ 
singing species, the twilight song exhibits a remarkable constancy 
and resistance to environmental influences (page 101), showing that 
it is energized by powerful internal factors; it is like an internal 
organ. While singing the rhythmic song, the singer is carefully 
isolated from the environment, just as every tender young growth 
is shielded from the environment. Every organic growth is cyclic 
and chronometric; the rhythmic song is cyclic and chronometric in 
its phrases and sentences and in its daily and seasonal cycles. It is 
connected also with the bird's photoperiodism. 

In all organic growths there are, obviously, tendencies toward 
certain norms. Similarly, in the rhythmic song there are tendencies 
toward certain homeostases or “equilibria." These tendencies in the 
song are an interesting connecting link between “biological regula¬ 
tion" and esthetic art. 

The comparison of a work of art to a growth is of course not 
new; it is as old as Aristotle. Gurney ('80, p. 44) gives a careful 
comparison of the (human) musical composition to a growing or¬ 
ganism, Many psychological studies, for example, the recent studies 
of Arnold Gesell on children and of Leonard Carmichael on fetal 
guinea pigs, have demonstrated a close relation between growth and 
behavior. Lashley ('38, p. 446) writes: “Actually the phenomena of 
growth so closely parallel those of behavior, or rather behavior 
parallels growth, that it is impossible to draw a sharp line between 
them." 

Songs addressed to the female. Darwin (74) laid one of the 
principal foundation stones in the study of bird song by showing that 
the song is a natural development, but in his theory of sexual selec¬ 
tion he conceived the problem as far simpler than it really is* We 
now know that it is very complex (see Huxley, '38). It involves 
a problem of genetics which is so technical and difficult that we shall 
say nothing about it, and a problem of bird behavior which comes 
more within the province of the field naturalist. The facts differ 
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greatly in different species; the male sings songs which may serve 
variously to attract the female, to cement the union of the mates, to 
stimulate the female sexually, to call her to a chosen nest-site, to 
help in selecting and dedicating the nest-site, and to give the signal 
"all's well" to the mate and the young (Hann, '37). We may con¬ 
clude that there has been concomitant evolution of the male's ability 
to sing and the female's ability to perceive the pattern of his song, to 
distinguish it from the songs of other species, and even to distinguish 
her own mate individually by voice, Huxley ('38, p. 17) says: 
"Darwin's ascription of an aesthetic sense to female birds and other 
organisms has been bitterly attacked. . . . With our present 

knowledge it seems that Darwin’s view was in principle correct." 

Singing by the female. Facts concerning the singing of the 
female in birds of many species have been mentioned at more than 
one point in our paper. These facts, especially those concerning 
responsive singing by the male and the female, are of great interest 
to the musicologist. They give still stronger support to the con¬ 
clusion we shall reach in connection with territorial singing, that 
birds enjoy listening to the song of their species. Indeed, this con¬ 
clusion is all-important, because if birds do not enjoy listening they 
are not musicians at all. 

Other things being equal, the species in which the male and female 
sing responsively must be regarded as higher) psychologically and 
esthetically than those in which the male sings alone—for several 
reasons. The responsive singing between mates is itself a new es¬ 
thetic experience. Also, it signifies that the birds have control over 
the voice and some understanding of what they are doing when 
they sing. 

Most birds, in greater or less degree, have attained equality and 
cooperation between the sexes and this must certainly be regarded 
as the highest condition. This harmonious relationship is maintained 
largely by songs and calls and gestures which are more or less es¬ 
thetic, varying from the long-range to the short-range behavior men¬ 
tioned in our table 13. Psychic distance is important in the delicate 
adjustments 'between the male and the female. For example, in 
contrast to the mating behavior of some mammals and certain other 
animals, which is rough and even cruel, the gentle wooing of birds 
is accomplished by maintaining psychic distance. 

Territorial singing. In most species of song-birds, each male 
takes possession of a territory for the breeding season and sings at 
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intervals a great part of the day, the functions of the song being 
to warn other males away and to attract and hold the female. (For 
the territory theory, see Howard, ’20; Nice, '33.) In many cases, 
this singing is responsive; the male sings, then listens and hears his, 
neighbor male sing; after a short interval, he sings again and so on. 
This is excellent practice for a musician. It is necessary for each 
bird to recognize the song of his own species and distinguish it from 
those of'other species. Consequently, territorial singing has devel¬ 
oped the motor ability to. produce sound-patterns and the sensory 
ability to perceive them and to discriminate one sound-pattern from 
another. 

When territorial males come close together and sing at each other 
in anger, the song is liable to be loud and emphatic rather than 
melodious. Some territorial singers never progress beyond this loud 
and emphatic stage; for example, the least flycatcher, who sings 
chebec, chebec , chebec all day long. But a great many territorial 
singers have developed a more melodious song for broadcasting. 
Musical sounds carry to a long distance better than noises do. Besides, 
when a male hears a neighboring male singing at a safe distance, he 
answers him with pleasure, not with anger. He likes to hear and 
answer his neighbor, because this satisfies his social impulses. Also, 
when he hears the voice come from the proper distance, this informs 
him that his neighbor is not trespassing on his territory. 

Territorial singing thus presents favorable conditions for the de¬ 
velopment of musical ability and it is one of the prime factors in 
the evolution of bird song. But territorial singing has extreme limi¬ 
tations. If we use the term in the strict sense, as a. song which 
functions only to keep rival males out of the singer's breeding terri¬ 
tory and to attract and hold the female in the territory, this song is 
subject to the following three restrictions: seasonally it is limited 
to the time when the bird is defending territory, and for most species 
this is limited to a short breeding season; daily it is limited to the 
hours of the “daytime singing," excluding the twilight song; musi¬ 
cally it is limited to a song which is short and simple, because it 
needs to be identified easily and promptly by rival males and by the 
female. We shall see in the following pages that birds of a great 
many species transcend these limitations; in other words, they do not 
restrict their singing to songs which serve a territorial function. 

Autumn and winter singing. Although the wood pewee’s 
twilight song is heard only in summer, it is apparently independent 
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of the brood cycle; and his daytime singing continues long after the 
end of the breeding season. A great many species of birds sing in 
autumn and a considerable number sing even in winter-—a fact which 
has been known and discussed by naturalists for centuries. A num¬ 
ber of observers (Bicknell, W-’SS) have shown in detail that the 
song of late summer and autumn is superior to that of the breeding 
season. R. Noble ('31) finds that the duration of the flight song 
of the skylark is greatest in September and October. Saunders ('29, 
p. 56) has observed in many species a lengthening, elaboration or 
sometimes complete change in the song after the end of the nesting 
period and (p. 123) he suggests that the song is improved at this 
time because it no longer needs to remain in the simple form of the 
territory song. Haecker (’00, p. 52, 59; ’16, p. 431) similarly sug¬ 
gests that autumn and winter singing are due to higher psychic 
factors, such as the play impulse. Boker (’23) supports Haecker's 
thesis with histological evidence. He examined the testes of autumn- 
and winter-singing birds and found them in an inactive condition, 
proving that the songs in question were not sexually stimulated. 

Zimmer ('19, p. 173-74) makes an interesting contribution to 
this topic. He says: “The popular name 'songbird' for the Passeri¬ 
formes points out the great significance \yhich song has attained 
among them. It is not only that their songs are more beautiful and 
melodious than those of other birds, they are also more extended in 
time, both in the daily and in the annual cycle. In other birds the 
song has retained more of its original connection with the business of 
reproduction; in the songbirds it has become highly independent 
thereof.” 

Nicholson ('.29, p. 43) has presented a view which is different 
from the above and may be somewhat in opposition. He states that 
the reason why some birds sing in winter and others do not is that 
the former are ‘species which defend a territory in winter, whereas 
the latter are species which defend a territory in summer only. 

Even if Nicholson is correct, it still remains true that there is a 
certain superiority in autumn and winter singing, as reported by 
several observers and this superiority is probably due to the fact that 
birds which sing outside the breeding season are more free to develop 
the song for its own sake. Especially the most intelligent (and most 
imitative) musical performers are likely to continue throughout 
the year. Intelligence does not come and go with the seasons; onlv 
blind instinct, does that, 
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Twilight singing. The twilight song of the wood pewee must 
be explained largely by internal factors. This is evident from our 
entire study of the song, for example, from its complex structure 
and its autonomy, and the fact that each male adheres to his own 
hours of beginning and ending, regardless of his neighbors. There 
are many observations indicating that the male, while singing this 
song, seeks to be alone and free from interruption. He even seems 
to take pains to isolate himself by going to one special perch, the 
same perch which is used every morning for his rhythmic song, 
which is far removed from where lie sings in the daytime, as we 
showed when we discussed the “Place for the rhythmic song.” 

The internal factors concerned with this song are numerous and 
complex. We have shown that they are connected partly with the 
bird's cycles and his photoperiodism and partly they are psychologi¬ 
cal and esthetic. 

Most species of songbirds sing a twilight song or at least they sing 
with special exuberance and constancy in the early morning—and 
also in the evening. In many species the twilight song is superior to 
the daytime singing, being more elaborate and more long-continued. 
The wood pewee even has a special rhythmic phrase for his twilight 
song, which is hardly ever used in the daytime; the same is true, in 
various ways, of other tyrant-birds, and probably also some other 
species of birds. 

Saunders ('29, p. 129) long ago suggested that the twilight song 
of the wood pewee is not a territory song and not a mating song. 
At least it exhibits important differences from the typical territory 
song, which is used in the daytime. In territorial singing, two males 
often sing at each other in anger; not so in the twilight song. It is 
obvious that neither the territory theory nor the sexual-selection 
theory can account for the most striking characteristics of the twi¬ 
light song; namely, its great length and continuity, its complex and 
highly musical structure, its superiority to the daytime singing, its 
connection with the cycles and photoperiodism and the symmetrical 
relation between the morning and the evening song. All these indi¬ 
cate that the twilight song is a kind of growth and that in explaining 
it we must refer to internal factors, partly nervous and psychological. 

You can see certain reasons why the twilight song has become 
superior to the daytime singing: It does not need to be short and 
simple, as the territory song needs to be; the bird has plenty of 
time for his twilight song and is nearly always free from interrup¬ 
tion while singing it. The twilight song has greater “psychic dis- 
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tance” than the daytime singing (table 13). In these respects there 
is an interesting parallelism between twilight singing and autumn- 
and-winter singing; Haecker (’Id, p. 430-31) couples the two together 
‘as evidence for the psychic factor. 

In our account of the singing of the female wood pewee we quoted 
a few observations which seemed to show responsive singing between 
her and her mate, in the daytime and in the postlude. of the morning 
twilight song. We do not know whether she ever answers him while 
he is singing his rhythmic song. If she does so, her responses appar¬ 
ently do not cause him to change the order of his phrases. 

Imitation. Some of the older naturalists thought that bird 
song began with imitation. In the light of modern science we must 
hold exactly the contrary view: Imitation is one of the latest devel¬ 
opments in the history of song. The principal reason for this view 
is that, of all the species of songbirds living today, a large propor¬ 
tion, probably a great majority, inherit their songs and are totally 
incapable of learning new phrases by imitation. And among the 
birds which do imitate, many species have this power only feebly 
developed. 

Psychological considerations favor the same view: The earliest 
songbirds sang purely inherited song patterns. Long ages of in¬ 
stinctive use of the voice were needed for the development of the 
vocal organs, the ear and the related parts of the nervous system 
before the birds could begin to imitate at all. Imitation began very 
gradually and improved slowly, because it requires intelligence, ac¬ 
curate perception of sound patterns and attentive control of the 
voice, and, more particularly, it requires attention to the form of the 
sound. 

Attention to form. There is plenty of evidence to prove that 
songbirds, to some extent, intelligently control the sound of the 
voice. They give some attention to the form of the sound. This is 
obvious in the imitative birds. And we have given evidence that 
the wood pewee has some awareness of the form of his phrases. 
Additional evidence will be given under the heading “Intelligent 
esthetic choice.” 

The fact that the bird does give attention to the sound-pattern 
is of the utmost importance. The poet Schiller (T6, p. 112) in the 
27th of his “Letters upon the aesthetical education of man,” writes: 
“As soon as he begins to prefer form to substance and to risk reality 
for appearance (known by him to be such), the barriers of animal 
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life fall and he finds himself on a track that has no end.” Schiller 
applies this thought not only to man but also to birds and other 
animals. He points out the significance of the different ways in 
which animals may use their surplus energy. When a squirrel uses 
his surplus energy to store nuts where he can find them again in 
winter, he gains in enjoyment, but a gain of this sort has narrow 
limits. “He enjoys more; he does not enjoy differently.” On the 
other hand, when a bird begins to expend his surplus energy in 
making sounds for the sake of the sound-pattern, he enters upon a 
new kind of enjoyment, which is free from the restrictions of bodily 
appetite and which opens unlimited possibilities of development. 

As Schiller points out, this development may follow either of two 
directions: that of play or that of esthetic art. These two have much 
in common. Each is free activity; each seeks its own ends. It is an 
interesting fact that in birds, as well as in men, the development 
follows these two directions: one toward beautiful music, the other 
toward playing with a variety of sounds, whether .musical or not, 
and imitating.. Some species have specialized, as it were, in one of 
these lines of development: the wood thrush and the hermit thrush 
sing exquisitely but do not imitate; the crow and the raven imitate 
cleverly but are not good singers. Some birds excel in both direc¬ 
tions : our mockingbird is a charming singer and the gray parrot can 
whistle beautifully. 

When the wood pewee anticipates the next phrase which he is 
about to sing and when he alters one of his combination phrases, 
making it more melodious, he is giving attention to the form of his 
song and he is thereby exhibiting, in a small way, the ability which 
reaches its highest development in the great singers, such as the 
hermit thrush, and in the great imitators, such as the gray parrot. 

INTELLIGENT ESTHETIC CHOICE 

There is some evidence to prove that birds prefer certain sounds 
to others and make an intelligent effort to produce the kind of sound 
which they prefer. That is what we mean by “intelligent esthetic 
choice.” We have found some evidence for it in the wood pewee, 
especially in Saiinders’s Ninth. 

But for clearer evidence we shall turn to the drumming of the 
various species of woodpecker. I have observed it especially in the 
red-headed woodpecker. This bird taps rapidly with his bill on a 
dead limb, making a drumming sound. He selects the limb which is 
the most resonant and drums On the same one day after day. He 
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discovers that the sheet-iron trimming on the roof of an old house 
makes a far greater noise and he shows a preference for this iron 
drum. 

Since the woodpecker manifestly drums for the sake of making a 
noise and since he prefers one sound to another, even if the prefer¬ 
ence is only on the basis of loudness, this is a beginning of esthetic 
taste. In these respects his drumming is not a mere expression of 
emotion. Perhaps it is partly an expression of emotion; perhaps his 
drumming is a signal to his lady love and he is thinking of her. But 
his thoughts are not entirely on her; he attends to the quality of 
his drumming and discovers that he can improve it by changing from 
one tree to another, or from the tree to the iron on the roof. The 
sound of the drumming is thus an object and objectivity is one of 
the chief characteristics which distinguish a work of art from a mere 
expression of emotion. When a bird makes this discovery, that a 
sound which he has made is a part of the objective world and that 
he can act upon it as he acts upon other objects, he has made one 
of the great forward steps in the development of himself and his 
world. He has opened the door to the realm of music and of sound- 
imitation. Some of the other species of woodpecker, such as the 
yellow-bellied sapsucker, have developed the drumming musically 
by varying its rhythm (Saunders, *35). 

Allard ('39) observed a starling which had learned to imitate the 
flicker's voice and then reproduce the flicker’s tatoo by drumming 
with his beak on the top of his box. This was a remarkable feat 
for the starling, because he has no instinct to drum with his beak 
as the woodpecker has. 

In all these cases of drumming we can observe the beginning of 
art with special clearness because the bird's musical instrument is 
outside his body where we can see it. The songbird no doubt ex¬ 
periments similarly with his musical instrument, his syrinx, until he 
gets it to produce the kind of sound which he wants. 

The question has been much discussed: Have birds esthetic taste ? 
Some writers have not had clearly in mind what they meant by this 
question. As for ourselves, in this matter as in all other matters, we 
insist on beginning at the bottom. Our view is that a great many 
birds, at least all the best songsters and imitators and producers of 
instrumental music, have esthetic taste. By this statement we mean 
no more than that the birds give some attention to the sound as such, 
and that they choose certain sounds in preference to.others, as we 
have explained in the case of the woodpecker, By showing that 
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these simplest facts are true, we have shown that the birds have laid 
the foundation for esthetic experience. Santayana (’96, p. 71, 78) 
emphasizes this wide meaning of the term “esthetic” He says, “The 
child who enjoys his rattle or his trumpet has aesthetic enjoyment, 
of however rude a kind.” 


CONTRAST BETWEEN BIRDS AND MAMMALS 

Darwin ('74, p. 366) says: “On the whole, birds appear to be the 
most aesthetic of all animals, excepting of course man.” There is 
much truth in this judgment, though it comes into conflict with our 
customary prejudice in favor of mammals as the highest animals. 

One familiar contrast between mammals and birds is that terres¬ 
trial mammals depend largely on the sense of smell, whereas birds 
do not. The sense of smell is inferior esthetically to the senses of 
sight and hearing, because odors, though they may be very pleasant, 
are devoid of form: they have no spatial form like that of colors 
and no systematic form like that of the time relations and pitch re¬ 
lations in music. 

Another general contrast is that terrestrial mammals deal with 
objects by coming into contact with them, whereas birds deal with 
objects at a distance. Mammals live close to the earth; they spend 
their whole lives in contact with solids. Their sense of touch is 
specially well-developed. Their close contact with objects has de¬ 
veloped their mechanical skill and intelligence. Birds have less skill 
in manipulating objects and their sense of touch is less developed. 
Their psychology is dominated in peculiar degree by the senses of 
sight and hearing. 

The contrast between mammals and birds is of immense impor¬ 
tance in their social life. Mammals often strive for maximum con¬ 
tact with their companions, birds for minimum contact. Kittens and 
puppies, in their play, jump on and maul each other and thus become 
thoroughly acquainted with each other as physical objects. A bird 
never does this. It may peck a cpmpanion and occasionally pull out 
a single feather, but largely it acts from a distance by voice and 
gesticulation or display. That is one reason why we speak of mam¬ 
mals as “playing” but birds as “dancing.” The social life of birds 
has a refinement and delicacy not found in animals which stimulate 
each other by gross contact. Lorenz ('32, p. 68) remarks that birds 
use their ears chiefly for hearing their companions. Mammals use 
their ears more (relatively) for hearing their enemies. 
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A great share of the bird’s attention is necessarily devoted to color 
patterns and sound patterns. Hence it is natural that, in the course 
of evolution, birds have become more esthetic than mammals. The 
songbirds have merely carried farther a line of development which 
is exhibited in some degree by all birds (see Finn, 19, p. 281). 

Now let us glance again at table 13, which illustrates the impor¬ 
tance of distance. Since birds mostly perceive their companions 
through sight and hearing, avoiding actual contact with them, they 
have developed especially the calls and cries which are voiced at a 
distance, either short range or long range. Since mammals come 
more into contact with their fellows, perceiving them by the sense 
of touch, they have developed especially the sounds produced when 
.at close quarters with another animal. Accordingly, the sounds pro¬ 
duced by birds are more formal; those produced by mammals are 
mostly esthetically formless, but they are meaningful or emotional, 
more of the nature of the grunts, growls and screams mentioned 
under type zero in table 13. 

It is a highly significant fact that many birds imitate sounds, but 
no mammal does so, except man. Several psychologists have en¬ 
deavored to teach apes to imitate sounds, but their efforts have met 
with such scant success, it has not yet been proved definitely that 
apes can imitate sounds at all. The psychologists hope that some day 
they will succeed in teaching a chimpanzee to speak a few words, as 
a parrot does. “The chief problem is one of motivation” (Warden, 
Jenkins and Warner, ’36 p. 391-92). In other words, the problem is 
to get the apes to pay attention to sound patterns as birds do. 

THE MATERIAL OF BIRD MUSIC 

We shall now speak of the analysis of bird music, treating first 
its material, then its form. Many writers on this topic have been 
interested chiefly in the question whether birds use our diatonic scale. 
We regard that question as so unimportant that we ask the reader 
to dismiss it from his mind entirely and be prepared for thoughts 
which are far more elemental. Even in human music there are other 
facts which are far more fundamental. 

Max Meyer (’00, p. 241) says: “The wrong path, much fre¬ 
quented, which inevitably leads back to the starting point, is the 
adoption of the theory that the basis of all music is the so-called 
diatonic scale, represented by the numbers 24, 27, 30, 32, 36, 40, 
45, 48, From this theory arise all the errors which prohibit the 
development of a scientific theory of music.” 
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The sounds of which music is composed are spoken of in esthetic 
theory as the “material” of music. All sounds can be divided into 
two classes: tones and noises. It has often been said that music 
consists of tones only. But this statement is not absolutely true; 
there is much savage music which consists of noises, the beating of 
tom-toms and other percussive instruments, and noises constitute a 
small part of even our best music. The best music of birds and of 
men, however, consists essentially of tones. There are two reasons 
why music is composed of tones, not noises: First, tones are more 
agreeable to the organism, more pleasant. Second, tones have pitch, 
noises have not; therefore, different tones are related to each other 
as “lower” or “higher” and successive tones can constitute a mean¬ 
ingful pattern which we call “melody.” Songbirds, in their own 
simple way, show appreciation of these facts. 

We shall answer two possible objections to this statement. The 
first objection is that some bird songs contain unmusical sounds— 
noises. To this there are many answers. Some songbirds are far 
less musical than others; for example, some of the flycatchers. And 
even in the case of the superior singers, there are different kinds of 
songs; only some of the songs are pure art, others are applied art 
and may need to be loud or even harsh. We have mentioned this in 
connection with the importance of distance and also the evolution of 
ability in singing. Again, some birds' vocal performances, instead of 
being esthetic art, are more or less playful, as in parrots and other 
imitative birds. Finally, let us consider those cases in which a cer¬ 
tain bird sings exquisite musical phrases interspersed with harsh 
calls; for example, our catbird, who shocks us by sounding his cat¬ 
call in the midst of his singing. In trying to understand this, let us 
remember that the bird's span of attention and of memory is very 
short. The wood pewee, as we have seen, has no clear idea of his 
twilight song as a whole. The catbird can have no clear idea of a 
half-hour of singing. He attends to only a few phrases at a time. 
Remembering this, we can understand better the working of the 
bird's mind when he sings a number of beautiful phrases and then 
utters his cat-call. In view of all the facts, we still believe that 
songbirds, especially the superior songbirds, have some appreciation 
of the value of musical tones in singing. 

The student of bird songs must use the concept of music in a very 
broad sense. This concept, in human esthetics, includes , not only 
songs and instrumental pieces but also the music of poetry (see 
Parker, '20, p. 206-16). A study’of the music of poetry leads to 
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broader and more general ideas than those derived from an exclusive 
study of “tone music,” as it might be called. We simply make the 
suggestion here that any one who wishes to understand the music 
oi all bird songs will do well to familiarize himself with these broad 
ideas of the music of poetry. Such a study will help him to see how 
even the songs of the worst singers, such as the chebec and some of 
the other flycatchers, are in a broad sense musical. But now we 
shall return to our thesis that the best singers, among birds, show 
some appreciation of the musical value of tones. 

The second objection to this thesis has been made by Lorenz 
(*35, p. 318; } 37b s p. 249) and we must explain it Lorenz showed 
that the patches of brilliant color on various species of birds usually 
function as “releasers” of the reactions of their companions and the 
reason why these color patches are often of pure spectral hues is 
not because of their beauty, but simply that such hues are the most 
“improbable” or in other words the most “distinctive.” He then sug¬ 
gested that the pure tones in the songs of birds likewise may be 
explained on the ground of improbability rather than of musical 
character. 

On January 17, 1940, I wrote to Doctor Lorenz, saying: 

You say that the spectral color on a duck’s wing has developed 
because of its improbability. That is an excellent point and your 
argument is entirely convincing. 

But now, when you offer the same explanation for the purity of 
tone in a bird’s song, I don’t think that is correct. In this matter, 
there is an important difference between visual and auditory experi¬ 
ence. When a duck sees a companion, he sees him always against 
a background of various objects, chiefly vegetation and earth. A blue 
speculum contrasted with the brown earth is very conspicuous. Also, 
the speculum of the duck’s wing is contrasted with the duller colors 
on other parts of the duck. 

In the case of bird songs there is no such background. In the 
woods and fields where birds sing, there is no inorganic source of 
sound that is of much importance. The only sounds that compete 
with a bird’s song are the songs of other birds and to a less extent 
frogs and insects. Nearly all these have pure or beautiful tones; 
therefore the argument of improbability does not apply. 

On April 12, 1940, Doctor Lorenz replied as follows. 

I think that you are perfectly right! Your pointing out that there 
is no inorganic background to releasing sound production, as there 
is one to visual releasers, is very convincing. 

I am very far from interpreting “everything” as a releaser and I 
have begun to have my doubts about the releasing function of the 
details oi bird song. The specific uniformity characteristic of visual 
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releasers, and also of all bird calls which have a specific signal value, 
is absent in bird song. It is certainly “more beautiful than neces¬ 
sary” and in this is alnn to human art in general. Art is a fact and 
after all it would be rather ridiculous from our evolutionistic ide¬ 
ology to deny the possibility that something similar may occur in 
other species! . . . Thus I think that in bird song there are two 
absolutely independent factors: (1) its function as a releaser and 
(2) its art quality. The more the releasing function drops into the 
background (as in morning twilight song), the more the Vart pour 
l'art quality comes beautifully and astoundingly to the surface! As 
you see, I absolutely agree with your thesis! 

I wish I might quote the remainder of Doctor Lorenz's extremely 
interesting letter, which gives some of his new observations in sup¬ 
port of the ideas presented. I wrote to him asking his permission, 
but have received no reply, doubtless due to war conditions. 


THE FORM OF BIRD MUSIC 

We need now to consider the form or structure of bird music, 
We must try to determine the principles of musical composition of 
bird songs. 

The first principle is that of variety or it might be called the 
principle of “change.” As a general rule, every bird song contains a 
variety of sounds, the variations being in pitch, time, intensity, timbre 
or phonetics or in all these. There are a few exceptions, for ex¬ 
ample, the song of the chipping sparrow and that of the junco, each 
of which consists of a string of simple notes, all alike. But these 
songs are very short, lasting only three seconds or less. I believe 
there is no exception to the rule that long-continued songs consist 
of a variety of sounds. This rule holds true even of the poorest 
singers, including the many species of twilight-singing flycatchers. 
The principle of variety in esthetics is connected with the psycho¬ 
logical fact that a man or an animal can not hold his attention on a 
sound (or other stimulus) for more than a few moments, unless the 
stimulus changes, In order to hold attention, either the sound must 
change or else it must cease for a time and then begin again. 

Variety and change in bird music may be provided by instinct 
or may be acquired in the individual's experience. Instinctive variety 
is well illustrated in the wood pewee in that his twilight song is 
composed of three different phrases, that the phrases are alternated 
in a complex manner and that each of the phrases is complex in 
itself. In some other species, higher songbirds, the number of in¬ 
stinctive phrases is far greater. 
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Variety acquired in the bird’s individual experience is most easily 
discovered in the imitative birds. Schjelderup-Ebbe (’30), in his 
charming account of his pet gray parrot, gives specially interesting 
observations on this bird’s penchant for novelty and change. But 
we have seen that even the wood pewee shows a beginning of the 
ability to acquire new phrases or at least new variations of his. 
instinctive phrases. 

In the evolution of the most musical songbirds there has been a 
long-continued development toward a rich variety of sounds and 
also a development of various and complex tendencies to change 
from one sound to another. Saunders (’29, p. Ill) has described 
it as “Evolution from simple to complex.” This evolution is im¬ 
portant from the esthetic standpoint, not only because it has pro¬ 
duced greater variety in bird songs, but also because it is a history 
of increasing freedom. 

The second principle of bird music is the complement of the first. 
Although the bird’s attention is attracted by what is new, yet he 
likes to return to what is familiar, and this has been called variously 
the principle of the return (Bingham, '10) or the principle of repe¬ 
tition . This principle in music is the same as the principle of the 
return in the bird’s general behavior. It is well illustrated by the 
habit of returning to the home locality and by the fact that the mem¬ 
bers of a flock accept their familiar companions but resent the 
presence of a stranger. A stranger in the flock throws all the birds 
into intense excitement. Here we see illustrated the double principle 
that novelty or strangeness is stimulating, but familiarity is satisfy¬ 
ing or soothing, and these are the first two principles of music. The 
principle of the return was mentioned in the beginning of our paper, 
but it has a far wider application than was there indicated. The two 
principles of change and return give rise to that “uniformity in mul¬ 
tiplicity” which is manifested as clearly in bird music as in human 
music. 

Repetition, or the return to the familiar, is facilitated by the fact 
that music is composed, of definite units, and the simple units are 
combined to form more complex units. We have seen that this is 
true of bird songs. The simplest unit is the note, which is a musical 
sound of definite pitch and duration; the notes are combined to form 
units of higher order,, such as the phrases and sentences in the twi¬ 
light song of the wood pewee. The importance of these units lies 
in the fact that they can be perceived, attended to and repeated in 
strings and at a later time they can be remembered, reproduced and 
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recognized. The tones of the voice are thus “intellectualized” and 
“objectified/' that is, treated as objects in themselves. Each unit 
comes to be perceived as a distinct object; it becomes “individuated" 
(Santayana, '96, p. 93). These are the characteristics of musical 
form; they distinguish music from a mere expression of emotion. 

A possible objection is that many bird songs consist, not of sus¬ 
tained notes, but of slurs. Even in these cases, however, the song 
is composed of individuated units. The slur itself is a unit. For it 
is not just any slur; it is a perfectly definite slur which is repeated 
again and again. Examples are found in the definite glides in phrases 
1 and 2 of the wood pewee, and anyone who is familiar with bird 
songs can add plenty of other examples. Precisely measured ex¬ 
amples can be found in the published graphs of bird songs made by 
mechanical recording, for example, in Axtell ('38, figure 3) where 
the slurs are repeated with great accuracy. 

Many recent studies have pointed to a tendency toward simplicity 
in certain bird songs. Saunders ('29) finds both an evolution from 
simple to complex and an evolution from complex to simple. The 
territory song tends toward simplicity because a simple song can be 
most easily remembered and recognized by rival males and by the 
female. Now I wish to point out that even this tendency to sim¬ 
plicity is in some degree a musical tendency. The simplicity of the 
territory song adapts it to the attention of the listener. The prin¬ 
ciple of repetition, which we have been discussing, is a principle of 
simplicity; it leads to the result that bird songs are composed of 
simple units, and also that the entire song (if not too long) is a unit 
which can be repeated. There is a conflict between this principle 
of repetition and the principle of variety—a conflict which is found 
also in human music. In the history of human music, as in that of 
bird music, we find not only progress in the direction of increasing 
variety but also progress in simplification. 

The form of bird music involves three systems of relations; 
namely, time, intensity and pitch. Birds can perceive these prop¬ 
erties of sounds with accuracy, probably with very high accuracy. 
This perceptual ability is evident in imitative birds and it is indicated 
in all other birds which recognize the song of their own species, dis¬ 
tinguish different calls with diverse meanings and even recognize 
individual birds through the sense of hearing. For a brief summary 
of the evidence, see Warden, Jenkins & Warner ('36, p. 179). 
(There is a more recent, careful experimental study by Knecht, '39.) 
We shall discuss first the temporal form of bird music, then we 
shall take up intensity and pitch. 


From the digital collections of the New York State Library. 



SONG OF THE WOOD PEWEE 165 

As for the temporal form of bird music, our study of the wood 
pewee bears on this problem especially. This is seen first in the 
forms of the three phrases, and then in the tendencies, the tendencies 
to quick tempo, to regular rhythm, to regular recurrence of the Ts, 
2’s and 3's, to use phrase 3 (the rhythmic phrase) only in the 
rhythmic song and to sing a higher proportion of 3's when singing 
rapidly. Each of these is a tendency toward a temporal form and 
each is musical in character. Manifestly the rhythmic song of the 
wood pewee has a temporal structure which is highly complex and 
truly musical. 

In order to prove that -bird songs are true music, it is not neces¬ 
sary to prove that they conform to the particular time scheme used 
in our occidental music. As Gurney (’80, p. 127) says, “It is worth 
noting that the general principle lies in getting a thing at the right 
moment—that is, at the moment it is expected—and that strict 
rhythm is a particular case of this.” Animals do “expect” certain 
experiences to come at certain moments; this is a well-known fact 
in animal psychology. Responsive singing furnishes highly signifi¬ 
cant cases of it, as we have seen. And the wood pewee shows that 
he has some anticipation of the next phrase which he is about to sing. 

Dewey (’34, p. 154), in a few words, gives a broad definition of 
rhythm: “It is ordered variation of changes.” Mere repetition of a 
sound at regular time-intervals, as in the tolling of a bell, does not 
conform to this definition, because it has no variation. The meter 
of our poetry and our music does conform, because of the regular 
recurrence of accented and unaccented beats. Now, I am not sure 
that any bird song exhibits meter, but there are many bird songs, in¬ 
cluding the rhythmic song of the wood pewee, which clearly exhibit 
rhythm as defined by Dewey. 

We shall now turn to intensity and 'pitch and shall explain one 
important fact concerning them. In emotional utterances, to a great 
extent, intensity and pitch vary together. Increased excitement is 
expressed by greater intensity and higher pitch. This is most famil¬ 
iar in human speech. It can be observed, I believe, in many of the 
utterances of hens and little chicks, in the alarm note and the kah 
of the blond ring-dove and in the squeal of the fledgling in begging 
for food and it ought to be searched for in many species of birds. 
We human beings, in our experiences of emotional sounds, pay at¬ 
tention to the meaning and we fail to notice whether the meaning is 
carried by changes of intensity or of pitch. We confuse these two 
together, both in using our own voices and in hearing the voices of 
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other persons. The same is true of birds, so far as we can judge 
from their behavior. 

But in the songs of birds (as in human music) intensity and pitch 
are varied independently. In many bird songs the pitch varies freely 
while the intensity remains constant, for example, the twilight song 
of the wood pewee. In some other songs the intensity changes in a 
certain regular manner while the pitch remains constant, for ex¬ 
ample, our blackpoll warbler. Or the song consists of a series of 
phrases which all have the same form so far as pitch is concerned, 
but the series shows a great crescendo, for example, our ovenbird. 
Some birds, for example, our yellow-breasted chat and the European 
nightingale, exhibit a remarkable ability to utilize both pitch changes 
and intensity changes independently of one another. This cultivation 
of pitch and intensity separately is a phenomenon of the utmost im¬ 
portance; it is a development of freedom and autonomy; it is one 
of the fundamental steps in the development of musical form; it is 
one of those highly significant facts which characterize the song as 
true music and distinguish it from a mere expression of emotion. 

In order to prove that bird songs are true music it is not necessary 
to prove that they use our diatonic scale. However, we think there 
is some truth in the general idea that certain species, such as the 
hermit thrush, tend to sing in harmonic intervals and we hope that 
investigators will study this problem further, especially by the exact 
methods of mechanical recording (see Ingraham, '38). 

Summing up what we have said regarding the systems of relations 
in bird music: We have given evidence to prove that bird songs have 
a musical structure in the dimensions of time and pitch. They 
utilize, in their simple way, the great systems of relations which con¬ 
stitute the basis of musical form. In our occidental music, the time 
form has become a meter and the pitch form has become a diatonic 
scale; but the meter and.the scale are only higher developments of 
the fundamentals which have been functioning for ages in the songs 
of birds. 

The musical forms or melodies in bird songs are all of short dura¬ 
tion. In those cases in which the entire song constitutes a unit, as 
in the red-winged blackbird, Baltimore oriole, towhee, white-throated 
sparrow, song sparrow and dozens of other species, the duration of 
the song is usually about five seconds or less. All observers are 
agreed, I think, that this is an adaptation to the bird's short span of 
attention or memory. The territory theory, for example, implies 
that the song of each species has evolved a form and a length which 


From the digital collections of the New York State Library. 



SONG OF THE WOOD PEWEE 167 

appeal to the attention and memory of the birds. There are of 
course the long-continued bird songs, but these are not musical units. 
The twilight song of the wood pewee is an extremely interesting case 
in point. In it, each phrase is a beautiful melody and so is each 
sentence, especially the commonest sentence, which consists of the 
four phrases 3132, and lasts about eight seconds. We have found 
evidence to indicate that the wood pewee 1 s span of attention extends 
over two or three or four phrases in succession, but not more. 
Hence it is an interesting fact that in the twilight song there is no 
musical structure longer than the sentence. The strings Of sentences 
are not units; each string consists merely of the same sentence re¬ 
peated over and over and the number of sentences in a string is 
determined by chance, not by any musical laws. As for the twilight 
song as a whole, which continues often for a half-hour or more, the 
bird certainly has no clear conception of it, and the form of the song 
as a whole is not an art form, but rather a physiological one, as 
we have explained in detail and illustrated in several figures. Every 
human musical composition, if it be good music, whether a Song 
or a symphony, has a musical structure which extends through 
the entire composition and leads up to some sort of finale and 
then to a definitive ending. The twilight song of the wood pewee 
has no such structure ; the song as a whole is not a musical unit, 
and at the end it either dwindles away or simply stops abruptly, 
due to fatigue. The short duration of the melodic forms in bird 
songs is important for our problem. The close 'agreement between 
the duration of the melodies and the span of the bird’s attention 
indicates that, the development of the melodies has not been entirely 
unconscious. It is one line of evidence to prove that the beauty of 
bird songs is due in some degree to the musical taste of the birds. 

RANKING THE SONGBIRDS 

There can be no doubt that some species and some groups of 
species have become more specialized and more adept than other 
birds in the art of singing, just as some have become more adept in 
the arts of flying or swimming. It is a legitimate task for the scien¬ 
tist to undertake to rank the birds as good, medium or poor song¬ 
sters. When we try to single out one species which is superior to 
all others, we fail to agree. But that is not a reasonable problem. 
When we attack the problem more scientifically, making more 
guarded judgments, as for example that the thrushes ( Hylocichla) 
are among the best singers or that the song of the Baltimore oriole 
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is far superior to that of the cowbird, our judgments are practically 
unanimous and this indicates that they have a solid basis in fact. 

Many of the phenomena which have been discussed in our paper, 
especially under the headings, “Evolution of ability in singing/’ 
“Material of bird music” and “Form of bird music,” can be used, 
obviously, as criteria in ranking. We shall not repeat here what we 
said before; we shall merely give our judgment as to the rank of the 
wood pewee, stating our main reasons for it and this will serve as a 
review of the criteria. 

The wood pewee must be given a high rank, for many reasons: 
His song consists of sweet musical tones; variety is supplied by the 
changes in pitch and by the three different phrases with the contrast 
between the rhythmic phrase and the gliding phrases; definite units 
are very distinctly supplied in his notes and his phrases and (to a 
certain extent) his sentences; the temporal form of his song is so 
well developed that the details are too numerous to mention here. 
Further, the wood pewee is a superior singer in that he spends a 
large proportion of his time in singing, that he has developed a spe¬ 
cial twilight song, that he flies to a special isolated perch to devote 
his whole energy to this twilight song, that he is one of the earliest 
birds to begin in the morning, and that his song season is extended 
in late summer beyond the end of the breeding season. We have 
evidence that the female wood pewee sings; this is an additional merit 
of the species. On the other hand, the wood pewee is far from the 
highest rank of songbirds. Not only the greatest singers but many 
others, such as the song sparrow and the meadowlark, are far su¬ 
perior to the pewee in the variety of their phrases and in their 
ability to produce new combinations, new effects and new songs. 
Again, the great imitators, such as the starling, are far superior to 
the wood pewee, not merely because they have a more abundant 
variety of notes, but because they exhibit a more intelligent appre¬ 
ciation of what they are doing when they sing. 

The reason why we have introduced this topic of “ranking” is that 
it has important hearings on the other problems which we are trying 
to solve; for example, the problem of the concept of bird song, which 
we shall take up next 

THE CONCEPT OF BIRD SONG 

When we were children, some of our teachers used to say to us: 
“If you know what a word means, you can define it” But when 
we grow up and study science we discover that that saying is very 
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far from true. One of the supremely difficult problems of the scien¬ 
tist is to define certain terms which he has been using all his life! 
Bird song is an excellent case in point. We all know what this term 
denotes . Among ornithologists there is no important disagreement 
as to which sounds made by birds are songs and which are not. We 
all agree that even the poor squeak of the cowbird and the insignifi¬ 
cant “tsezick” of Henslow's sparrow are songs. Yet no ornithologist 
has ever framed a satisfactory definition of bird song. 

Lorenz ('37a), in beginning one of his papers on the concept of 
instinct, points out that in natural history it is impossible to frame 
a succinct definition of many terms which we use. The proper pro¬ 
cedure is to develop a concept inductively. I believe that this is the 
method actually used, in the study of bird song by every ornitholo¬ 
gist (even Nicholson, in spite of his definition). I shall first speak 
of my own concept, and shall then comment on certain statements of 
previous writers. 

Our entire study leads to the conclusion that bird songs are true 
music, they are esthetic art and we believe that this is the essence 
of the concept, because it is the characteristic which is found in all 
bird songs and is not found in the other utterances of the bird; also, 
it is the characteristic which is found in highest degree in the best 
singers and in those songs which are most distinctly songs and not 
mere calls (table 13). 

When we say that bird songs are esthetic art, we do not regard 
this as a definition, because it at once raises the question “What is 
esthetic art?” and the answer can not be given in a few words. Our 
entire paper bears on this question, especially this section, in which 
we are treating bird songs as esthetic art. A useful criterion is that 
there is always some formality about the song. In the case of the 
very poorest songs, if formality can not 'be discovered in the song 
itself, it can be found in the accompanying behavior. For example, 
when the male cowbird says “glub glub kee he keek” we are sure 
that this is a song, because it is accompanied by a display toward 
the female, and when Henslow's sparrow says “tsezick” we are sure 
that this is a song, because the bird sits atop the tallest plant in his 
meadow and repeats his little lay with an appearance of tense effort, 
thus showing us that he is broadcasting. 

To our concept, the objection has been made that some of the call 
notes or ordinary notes of birds are prettier than the songs of certain 
species; the contented cheeping of a flock of little chickens sounds 
prettier to our ears than the crowing of the cock. But this is not a 
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valid objection to our concept. When the cock undertakes to send 
forth his clarion call, he does it with great formality and with a pre¬ 
liminary ceremony. For this reason and for several other reasons, 
the crowing satisfies our criteria of esthetic art. The cheeping of 
the little chicks does not. We should warn bird lovers against the 
popular error of mistaking prettiness for the criterion of art. To the 
artistic painter, and to the classical musician, mere prettiness is taboo. 
Some bird songs are too loud and piercing to be pleasant; but even 
this piercing character, inasmuch as it arrests the attention of the 
listener, satisfies a criterion of art. Furthermore, there are many 
bird songs in which psychological esthetics can discover a distinct 
musical structure, although the song is not "pretty”; for example, 
the crowing of the cock, the song of the yellow-headed blackbird. 

Moreover, when we say that bird songs are music, we mean that 
they are music for the bird . Dallas Lore Sharp says: “A duck seems 
to know that it can not sing” but "a chebec thinks he can sing.” That 
is just the point! If the chebec thinks he can sing, then he is a song¬ 
bird. (See our quotation from Bradford Torrey, on a previous 
page.) 

We have mentioned that some of the most gifted vocalists, such 
as the catbird and yellow4breasted chat and the parrots and other 
mockers, occasionally use their great talents not in the production of 
beautiful music, but in the production of a great variety of sounds 
in a playful manner. In one way, this is a difficulty for our concept. 
But in another way it is no difficulty at all, because play and esthetic 
art are closely related and we shall not attempt here to separate them. 
Play and esthetic art belong together in the one wide concept of free 
activity, in contrast with activity which is unfree. 

Having presented our own view, we shall now speak of the litera¬ 
ture. Although all ornithologists talk about bird song, most of them 
make no attempt to define it but simply assume that their readers 
know what a song is. For example, when Hoffmann ('08, p. 18) 
distinguishes the singvogel from the Schreivogel he merely points 
to examples of each. So far as I know, only two ornithologists 
(Saunders, ’29, p. 16; Nicholson, ’29, p. 41) have attempted a for¬ 
mal definition of bird song. These attempts are not successful as 
definitions because they fail to include all songs and they fail to ex¬ 
clude the other utterances of the bird; but they present important 
ideas which we need to discuss. In Saunders's definition or Nichol¬ 
son^ or both we find just five criteria for distinguishing bird song. 
We shall speak of these five in order. 
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First, the sexual criterion: that song is a function of the male 
only. On the contrary, as we have pointed out, in a great many 
species the female is known to sing more or less. And those species 
in which the male and female sing equally have reached, in this 
respect, the most perfect development of song. Behind the sexual 
criterion, however, there is an historical fact which must be compre¬ 
hended in our concept: For ages and ages the male has used his 
voice in wooing the female (and also in territorial singing) and by 
so doing he has cultivated sound-production until it has become a 
fine art. 

Second, the seasonal criterion: that song is limited to the mating 
season (or to a somewhat longer season which includes the mating 
season). On the contrary, many species sing the year around and 
we have pointed out (page 153) that freedom from seasonal limita¬ 
tion is a distinguishing mark of superior singers. Moreover, there 
are other utterances, such as the copulation note, which are limited 
to the mating season, and the copulation note is certainly not a song. 

Third, the territorial criterion. Nicholson ( loc . cit .) defines bird 
song in such a way as to include only territorial singing. He first 
published his definition in 1925, when the ornithological world was 
so enthusiastic over the territory theory that, for the moment, it 
forgot everything else. But now, when the territory theory is no 
longer new, we can point to many songs which are not territorial, 
including the mating song, responsive songs of mated birds, the baby 
song, the soft, warbling “primitive” song common to all the Oscines, 
a song which stimulates the young to open their mouths for food 
(Saunders, *29, p. 103-5), a “signal song” of the male when ap¬ 
proaching the nest (Odum, ’41, p. 522, 526), a song which serves 
as an “all's well” signal to mate and young (Hann, '37, p. 159) and 
perhaps we may add the twilight song to the list of those which 
are not territorial. Clearly, bird songs have so many different func¬ 
tions that the song can not be defined by its function. However, 
territorial singing is important for our concept, because, as we have 
explained before, it has furnished conditions favorable for the de¬ 
velopment of singing as a fine art. 

‘ Fourth, specificity. Nicholson’s definition states that bird song 
conforms “recognizably to a constant specific type.” Although this 
is generally true of territory songs, it can not properly enter into the 
definition of bird song. The soft warbling song which is common to 
all the Oscines is the very opposite of specific. Also, the best sing- 
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ers have advanced beyond specificity, by making their songs ex¬ 
tremely varied and by imitating the songs of other species. 

Fifth is a criterion used by Nicholson, which is of special interest 
to us. He says: “Bird song is properly a sustained, more or less 
uninterrupted repetition of one or more notes . . And in ex¬ 
plaining this part of his definition he says: “By its very meaning the 
expression ‘song’ cap not consist only of a single sound—that is in¬ 
evitably a call, whatever its significance.” We are glad to see that 
in these words Nicholson shows tacit agreement with our concept: 
Bird songs are music. But in stating that a bird song can not consist 
of a single note, he is mistaken. The mistake involves both an error 
of fact and an error of theory: an error of fact, because there is at 
least one species of pigeon, whose song consists of one long note; 
an error of theory, because there is musicological justification for 
the statement that a single note can constitute a song (Parker, ’20, 
p. 156). 

. One reason why biologists have never successfully defined bird 
song is that it is not a purely biological concept. In order to develop 
an adequate concept of bird song, we must make progress not only 
in ornithology but also in musical esthetics. 

The absence of a definition is not to be regretted. A definition is 
closed and static, fixed once for all. But a concept is open and 
growing. Any bird student who reads what we have said about 
bird songs as esthetic art will see many suggestions for further 
observation and plenty of room for the concept to grow. 

PROBLEMS FOR FUTURE STUDY 

My suggestions regarding problems for future study will be for 
amateurs only; professional ornithologists will see so many problems 
for study, they will need no suggestions from me. 

A hundred years ago American ornithologists were most interested 
in finding new or rare species, but the time is now past for that quest 
in the United States. Many bird students who are interested only 
in rare species are urged on by a sort of collecting instinct rather 
than by an interest in science. The scientist knows that we can 
learn most from the commonest birds. I am extremely thankful 
that the wood pewee is one of our commonest birds; if it had been a 
rare species, our statistical study of its song could not have been 
made. But if the young naturalist is to make a study of a common 
bird he needs to have a definite problem to work on; hence we make 
the following suggestions. 
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Professor Jacques Loeb used to say that the difference between 
the successful and the unsuccessful scientist is chiefly in their choice 
of problems; the successful scientist is one who chooses problems 
which he can solve; the unsuccessful scientist is one who chooses 
problems which he can not solve. Beginners generally tackle a prob¬ 
lem which is too large and too difficult. To be specific, we are going 
to mention three problems to avoid. 

First, the field student of bird songs should avoid problems which 
can be better solved by mechanical recording. 

Second, the problem of imitation can be better solved in the lab¬ 
oratory than in the field, as we have mentioned before. 

Third, a young field naturalist can not make any contribution on 
the problem of the method of evolution, the question whether song 
has evolved by sexual selection or otherwise. Remember that in the 
present paper we ourselves have avoided this problem. It is a 
problem for specialists only and most of what has been published 
on it heretofore is just a waste of good paper and ink and of valuable 
space on our library shelves. 

Our point is that there are other problems for the field observer, 
demanding all the time that he can give to them. As for the song 
of the wood pewee, there is no problem mentioned in our entire 
paper which is completely solved. Indeed, the expert will regard 
our paper as nothing more than a set of suggestions for future re¬ 
search. Therefore we shall not attempt here to give any complete 
list of problems to be solved; instead, we have already called atten¬ 
tion, at many points throughout our paper, to problems which are 
in special need of further investigation. There is special satisfaction 
in making observations which are precise and can be mathematically 
treated. We suggest the following: records of the morning and 
evening twilight song and the daytime singing, all these records being 
“timed,” so that they not only show the phrases but also give com¬ 
plete data on the hours of singing; a map of the pewee's territory, 
showing where he sings each song; a large map showing the con¬ 
tiguous territories of many pairs of wood pewees; changes in all 
these matters throughout the season and their relation to the brood 
cycle. 

A complete investigation of the song and the whole esthetic and 
emotional life of any bird would require studies not only in the field 
but also in the aviary and in the laboratory. Unfortunately, the 
wood pewee does not take kindly to captivity. He can be kept in an 
aviary, but with difficulty, as shown by the following three letters 
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from gentlemen who kindly answered my inquiries about this matter. 

Lee S. Crandall, curator, Department of Birds, New York Zoo¬ 
logical Park, wrote as follows, July 1, 1940: 

In the course of years, 26 forms of Tyrannidae have been kept 
here. The larged' ones live quite well but the smaller kinds are more 
difficult* The wood pewee can be kept with success but it requires 
special housing and care. We used to keep them, but of late years 
have not had room available. We have none at present. 

John A. Brock, who has kept great numbers of captive birds and 
has had a lifelong experience with them, wrote as follows concern¬ 
ing the western wood pewee: 

I have not any at present in my collection. Over a period of years 
I have taken the pewee, to make the usual study of habits, seasonal 
changes, call note and song. In the aviary I found the pewee to be 
dull and uninteresting because, unlike many other wild birds, which 
sing in captivity the greater part of the year, the pewee would sing 
for only a very brief period during the spring breeding season. 
I also found he would not sing at all if placed in an aviary with 
other birds. Being a delicate member of the flycatcher group, this 
bird requires no end of care to keep him healthy in captivity. With¬ 
out this tireless care and attention, the pewee would die in but a few 
days after capture. The period of life in captivity rarely goes beyond 
three or four years. It is advisable to remember that a pewee, if 
caught in the spring of the year, will not utter one note for at 
least one year after its capture. 

Eric C. Kinsey, 155 Bothin road, P. O. Box 76, Manor, Marin 
County, California, who also has had a wealth of experience with 
captive birds, wrote as follows: 

We have kept the western wood pewee in captivity, but only for a 
comparatively limited time, viz: from June of one year to April of 
the next. This was several years ago, since which time we have 
perfected our technique and food formulas to an extent which now 
permits us to keep equally difficult specimens for considerably longer 
periods. 

Most of the flycatchers and all of the pewees are very difficult to 
maintain in captivity even for limited periods, due to their highly 
insectivorous nature. However, in the hands of an experienced per¬ 
son, many problems relating to the sociology, nidification, plumage, 
songs etc, of birds of this kind may be successfully studied. 

Our European and oriental contemporaries are using aviculture 
more and more in their ornithological research, and American or¬ 
nithology should follow suit: A start has been made in this direction, 
principally here in the west. 

I hope that other investigators will continue the study of bird 
songs in the field, the aviary and the laboratory. I must now dis- 
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continue my own work on this subject, for two reasons: I have be¬ 
come too deaf to hear the songs efficiently and I shall be very busy 
with other studies in psychology, both animal and human. 

SUMMARY 

Our chief interest is in bird songs as music . Scientists have 
avoided this topic, because of the fact that most bird songs are diffi¬ 
cult to describe with certainty and precision. Exact studies of bird 
songs have been confined mainly to extraneous facts, such as the 
connection of the song with territory. But recently the study of bird 
music has been facilitated by several new developments, one of which 
is: the statistical study of the song of the wood pewee. 

Statistical methods can be applied to the wood pewee's leisurely 
style of singing, which he uses intermittently all day long, and more 
particularly to his rhythmic style, which is used only in the rhythmic 
portion of the twilight song, morning and evening. In his leisurely 
style the pewee uses only two phrases (phrases 1 and 2), the gliding 
phrases; in his rhythmic style he uses the same two and also phrase 
3, the rhythmic phrase. Thus in the long ages of evolution the 
pewee's, leisurely singing has evolved two gliding phrases musically 
suitable for leisurely singing, while his rhythmic song has evolved a 
special phrase musically suitable for rhythmic singing. 

The three phrases are so distinct and so easily identified that it has 
been possible for 20 observers, in many different localities, to make 
records of the twilight song by ear. These records have been 
analyzed statistically. The wood pewee is the only wild bird, any¬ 
where in the world, whose song has been studied cooperatively and 
analyzed statistically to determine the order of succession of the 
phrases and thus-'the musical structure of the song. 

The morning rhythmic song is a continuous musical composition, 
lasting 16 to 32 minutes, averaging-24 minutes. In this song, the 
three phrases are repeated hundreds of times: the average rhythmic 
song contains 750 phrases; the longest, 1273 phrases. The statistical 
analysis shows that the order of succession of the phrases (the mu¬ 
sical structure of the song) is due to certain underlying tendencies, 
the ones which we have emphasized being the tendency to quick 
tempo and regular rhythm, the tendency to sing more 3’s (the rhyth¬ 
mic phrase) when singing fast, and the tendency to regular recur¬ 
rence of the Ts, 2 J s and 3’s. The tendencies are musical in character 
and they are autonomous; they have to do purely with the occur¬ 
rence of the phrases in the song and not with anything outside the 
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song. The structure of the song shows that it is true music, it has 
musical form. This structure must be explained largely by internal 
factors; it cannot be explained wholly by any theory of external 
utility, such as the theory of territorialism or that of sexual selection. 
While singing the twilight song, the pewee is more or less isolated 
from the practical world. He is isolated by the fact that he begins 
to sing in the dark, before he can see to fly and catch insects for 
food. He isolates himself further by flying to a special perch which 
is dedicated to the rhythmic song and is some distance away from 
his daytime haunts. 

The internal factors have both a physiological and a psychological 
aspect. The tendencies must be partly unconscious. Each is a ten¬ 
dency toward a homeostasis (commonly called an "equilibrium”). 
The twilight song is a kind of growth. It is connected with the 
bird's daily and annual cycles and his photoperiodism. The leisurely 
daytime singing likewise exhibits tendencies toward homeostases. 

The wood pewee's daily cycle of singing is symmetrical; his 
evening twilight song is a mirror image of his morning twilight song. 
But his entire day is early, about 17 minutes ahead of the solar day. 
We take this to mean that the bird anticipates the solar day (more 
or less unconsciously). 

The singing of birds is not entirely unconscious and unintelligent. 
While the wood pewee is singing one phrase, he anticipates the next 
one; this is a beginning of musical composition. Birds give atten¬ 
tion to sound as such and sometimes choose one sound in preference 
to another; this is a beginning of musical taste. 

It has been necessary to include in our paper a brief essay on 
the musicology of bird song, an elementary treatment of the music 
of all songbirds,-because heretofore no scientist has written a treatise 
on this topic. It is now possible to make a beginning in bird musi¬ 
cology because of several new developments in the study of bird 
music and in the psychology of human music. 

The study of bird song appeals not only to ornithologists but also 
to students of evolutionary esthetics. The evolutionary philosophy 
of esthetics has always had difficulty with form, because birds and 
other animals are not intelligent enough to have any thorough appre¬ 
ciation of esthetic forms. The wood pewee helps us to overcome 
this difficulty, because his rhythmic song has a beautiful and complex 
musical form, yet this form is due to tendencies which are largely 
unconscious. The facts lead to the conclusion that the esthetic is 
related to organic growth and to biological “regulation ” 
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No statement in our paper is intended to contradict the mechanistic 
interpretation of animal behavior. 

Our study is empirical and we are not devoted to any theory. But 
it is obvious that the order of succession of the phrases can not be 
explained by the old idea of the chain reflex. It is possible that the 
study of the wood pewee’s song will lead to a somewhat new view 
of the psychology of instinct, a view which will be far removed from 
the reflex arc concept and will be more akin to certain recent theories, 
such as that of Lashley (’38). 
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* * * sis 

Note. An analog of the twilight song has been observed even in insects. 
Leonard Haseman, in an article on "The courting flights of the tabanids” (Sci¬ 
ence 1943, v. 97, p. 285-86) describes a performance of horseflies which in 
certain important details is parallel to the twilight song of birds. It is a 
humming, hovering flight performed only by the males, only at twilight. It 
lasts 20 to 25 minutes. The hour of the hovering flight shows a progressive 
seasonal change as the hours of twilight change in July and August. 
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Differences, individual, 122 
Distance, importance of, 146-49 
Du Bois’s First, 91 
Duration, 30, 36, 84-89, 166 

Earliness of bird’s day, 95-98, 111 
Equilibrium, 67, 68, 71, 133, 150, 176 
Esthetic art, bird Songs as, 144-72; 
summary, 176 

Esthetic tastes, contrast between 
birds and mammals, 158; intelli¬ 
gent esthetic choice of sounds, 
156 

Evening hours, 95 
Evening twilight song, 72-78, 79, 
176; data on, by geographic lati¬ 
tude, 90; distribution of phrases 
in, 80 

Evolution, of ability in singing, 149- 
56; of song in the Passeriformes, 
136; of wood pewee’s song, 133-36 

Family Tyrannidae, 127-30 
Fatigue, 34 

Female, singing by, 151; Song of, 
125-27; songs addressed to, 150 ■ 
Field observers, problems for, 173 
Fighting, silence during, 146 
Finality, 52; difference in degree of, 
in phrases, 25 
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First waking phrase, 28, 37, 80, 83, 
92 

Flight song, 79 
Form, attention to, 155 
Form of bird music, 162-67 
Fraction after nautical twilight, def¬ 
inition, 91 

Geographic latitude, data on twi¬ 
light song arranged by, 84-90, 115 
Geographic variation, in rhythmic 
song, 113 

Gliding phrases, 21, 24, 175 
Grace-notes, 21, 22, 118 
Graphs, first waking phrase, 92; 
frequency of phrases and rate of 
singing, 59, 69; morning twilight 
song, 30-34, 93; three phrases, 22 
Growth, song as a, 71, 149 

Habit theory of sentences, 138 
Hearer, relation to singer, 146 
Home, Sweet Home, comparison 
with sentence, 51, 53 
Homeostasis, 68, 176 
Hours of singing, comparative 
study of, 98; data on; 82; earliness 
of bird’s day, 95, 111; factors de¬ 
termining, 99; for twilight song, 
82-103; geographic variation in, 
115; individual differences in, 101; 
internal factors in, 102; seasonal 
cycle in, 109 

Hudson, W. H., quoted, 130 

Imitation, question of, 141-43, 155 
Individual differences, 122; in hours, 
101 . 

Insects, twilight song, 182 
Intensity, 165 

Intergradient phrases, 117, 135 
Interludes, 35 

Internal factors, 102, 154, 176 

Kinsey, Eric C., letter regarding 
wood pewees in captivity, 174 

Latitude, 15; data on twilight song 
arranged by, 84-90, 115 
Lean’s Second, record of, 41 


Leisurely singing, 23; attitude dur¬ 
ing, 144; versus rhythmic song, 
69; summary, 175 
Length, 30, 36, 84-89, 166 
Life-history, musical, 123 
Light-intensity, relation to hours of 
song, 99, 100, 101, 110 
Literature, historical survey of, 16 


MacLoghlin, Mrs Anna E., record 
of daytime singing, 72 
Males, territorial singing, 151 
Mammals, contrast with birds, 158 
Material of bird music, 159-62 
Measure, 56 

Memory, evidence of, 137-40 
Meter, 56 

Meyer, Max, quoted, 159 
Migration dates, average, 104 
Miller, Dr Loye, Song of the west¬ 
ern wood pewee, quoted, 128 
Morning hours, 95 
Morning twilight song, data on, by 
geographic latitude, 84-89, 115; 
distribution of phrases in, 80; 
earliness of bird’s day, 95, 111; 
narrative account of, 28-37; 
phrases 20-28; records of, 37-47; 
rhythmic song, 29, 175; seasonal 
changes in, 104-9; tendencies in 
the rhythmic song, 54-72 
Musical life-history, 123-25 
Musicology of bird song, 144 
Mutual display, see Responsive 
singing 


Narrative account, morning twilight 
song, 28-37 

'Naturalists, problems for future 
study, 172-75 
Nautical twilight, 83, 91 
Nest, relation of singing perch to, 
37 

Night singing, 82 

Noises, as material of music, 160; 

effect on singing, 101 
Notes, vibrations on film, 22 
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Observers, list, 12; complete list of 
records of, 14-15 

Occurrence, mode, of three phrases, 

22 

Passeriformes, evolution of song in, 
136 

Perch, for evening song, 78; for 
rhythmic song, 36 

Perching birds, evolution of song 
in, 136 

Pewee, The, poem, 17 
Phonograph disk, song produced 
on, 22 

Photometer, birds as, 102 
Photoperiodism, 110, 111, 112, 154, 
176 

Phrases, comparison with other 
species, 132; conclusions regard¬ 
ing, 134; difference in degree of 
finality, 25; distribution in daily 
cycle, 79-82; evening twilight 
song, 90; .evolution, 135; fourth 
phrase, 72, 75; morning twilight 
song, 20-28, 84-89; percentage of 
3’s in evening song, 77; tenden¬ 
cies in rhythmic song, 54-72; 
variation, 116-23; summary, 175 
Pitch, 51, 165; rise or fall in, 26 
Place, for evening song, 78; for 
rhythmic song, 36 
Poem, The Pewee (Trowbridge), 17 
Postlude, evening song, 76; morn¬ 
ing song, 35 

Prelude, morning twilight song, 28, 
81 

Problems for future study, 172-75 
Psychology, of pewee’s song, 137-44 
Pure songs, 146 

Rain, effect on singing, 100 
Rate of singing, 54, 69; relation of 
respiration to, 55; tendency to 3’s 
in rapid singing, 56 
Records, complete list of, 14; eve¬ 
ning song, 73-75; morning twi¬ 
light song, 37-47 
Records, phonograph, 22 
References, 177-82 
Repetition, principle of, 163 


Respiration, relation to rate of sing¬ 
ing, 55 

Responsive singing, 101, 126, 140 
Return, principle of, 163 
Rhythm, comparison with other 
species, 132; regular, tendency to, 
54 

Rhythmic phrase, 21, 24, 175 
Rhythmic song, contrast with day¬ 
time singing, 24; evening, 75; 
hours, 94; interludes, 35; morning, 
29; place, 36; postlude, 35; sea¬ 
sonal variation in length, 106; 
tendencies in, 54-72; variation in, 
113-23; versus leisurely singing, 
69; summary, 175 
Rhythmic style, 23, 175 
Rickett’s Sixth, record of, 35, 45, 
61, 124, 139 

Ring-dove, importance of distance 
in singing of, 148 

Saunders’s Fifth, 118; record of 
evening song, 75 

Saunders’s First, 118; record of 
evening song, 74, 78 
Saunders’s Fourth, 101 
Saunders’s Ninth (Genius) 37, 120, 
124, 139 

Saunders’s Second, record of eve¬ 
ning song, 74, 78; morning song, 
126 

Saunders's Thirteenth, graph of 
morning twilight song, 32; record 
of, 42, 61, 66 

Saunders’s Twelfth, graph of rhyth¬ 
mic song, 31 

Sawyer, .Edmund J., letter regard¬ 
ing picture, 19 
Seasonal criterion, 171 
Seasonal cycle, 103-13 
Sentences, 47-54; comparison with 
other species, 132; evening song, 
75; most perfect sentence, 50; 
strings, 47, 48, 60, 63, 67, 75, 107, 
167 

Sexual criterion, 171 
Singer, relation to hearer, 146 
Singing, daily cycle, 97; evolution 
of ability in, 149-56 
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Singing perches, 36; relation to 
nest, 37 

Smith’s Fifth, graph of morning 
twilight song, 33; record of, 40 
Smith’s Second, 78 
Smith’s Sixth, graph of morning 
twilight song, 34; record of, 40 
Smith’s Third, 77 
Snyder’s First, 101 
Song, evolution of, 133; of female, 
125-27 

Song birds, ranking, 167 
Sound-pattern, attention to, 155; re¬ 
lation to cycles, 111 
Sounds, as material of music, 160; 

esthetic choice of, 156 
Specificity, as criterion, 171 
Stammering, 119 

Strings, of sentences, 48, 60, 63 , 67, 
75, 107, 167; definition, 47 
Structure, summary, 176 
Studies, problems for, 172-75 
Summary, 175-77 

Tables, data on hours of evening 
song, 90; data on hours of morn¬ 
ing song, 84 

Taxonomic terms, use of, 12 
Temperature, relation to ending of 
song, 100 

Tempo, quick, tendency to, 54 
Temporal form, of bird music, 165 
Tendencies, comparison of twilight 
song with that of other species, 
131-33; conclusions regarding, 
134; evening song, 75; rhythmic 
song, 54-72; summary, 175 
Territorial criterion, 171 
Territorial singing, 151 
Territory songs, 146 


Test’s First, 62, 81, 123; record of, 
46, 47 

Time, 15; of evening twilight song, 
76, 90; of morning twilight song, 
84-89 

Timed records, 38 
Tonality, no perception of, 51 
Tones, as material of music, 160 
Trowbridge, John Townsend, The 
Pewee, poem, 17 
Twilight, use of term, 82 
Twilight song, 11, 154; as kind of 
growth, 112; comparative study 
of, 130-33; hours for, 82-103; in 
insects, 182; origination of term, 
16; principal sentences, 48; rela¬ 
tion of cycles to, 111, See also 
Evening twilight song; Morning 
twilight song 

Twilight song proper, definition, 30 
Tyrannidae, family, 127-30 

Variation, in relation to context, 
118; types of, 116; in rhythmic 
song, 113-23; of phrases, 116-22 
Variety, in bird music, 162 

Waking phrase, 29, 37, 80, 83, 92 
Warming-up, 34, 71 
Weather, effect on song, 100 
Western wood pewee, song of, 128 
Winter singing, 152 
Woerner’s Third, record of, 41, 60 
Woodpecker, esthetic choice of 
sounds, 156 
Work decrement, 35 
Wright, Horace W., cited, 98 

Yanney’s First, 60, 66, 77, 101, 103, 
123; records of, 43, 44 
Yanney’s Fourth, 118, 144 
Yanuey’s Second, 77, 100, 101, 103, 
107, 138 
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